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ABSTRACT 


a® 


This  Eighth  Quarterly  Progress  Report  covers  the  work  accomplished 
during  the  last  reporting  period  on  research  and  development  related  to  the 
dissemination  of  BW  agents. 

The  progress  in  theoretical  and  experimental  studies  of  the  mechanics 
of  dry  powders  is  reported.  This  work  continues  to  produce  basic  infor¬ 
mation  which  is  being  applied  in  the  design  and  development  of  an  airborne 
disseminator. 

Operation  of  the  aerophllometer.  with  aerosols  of  dry  powdors^  for  the 
purpose  of  studying  experimental  techniques  and  determining  operating 
parameters  is  discussed.  This  preliminary  work  is  essential  to  carrying 
out  the  proo-i-am  on  stability  properties  of  aerosols. 

Data  on  the  affects  of  compaction  and  additives  on  the  viability  of  Sm 
powder  are  presented. 

The  tests  at  Fort  Detrlck  using  the  QMI-3  fixture  and  wind  tunnel  to 
generate  aerosols  in  the  40-foot  test  sphere  are  described. 

Results  with  the  full-scale  experimental  equipment  for  feeding  and 
metering  compacted  dry  powders  are  reported. 

The  preliminary  design  of  an  airborne  dry  BW  agent  disseminating 
store  is  presented  and  described. 

Successful  flight  tests  of  the  liquid  BW  agent  disseminating  store  on  an 
A413-1  airplane  are  discussed. 
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EIGHTH  QUARTERLY  PROGRESS  REPORT 
ON 

DISSEMINATION  OF  SOLID  AND  UQUID  BW  AGENTS 


1.  INTRODUCTION 

This  la  the  Eighth  Quarterly  Progress  Report  on  work  accomplished  on 
Contract  Number  OA-18-064-CML-2745.  Under  this  contract.  General 
Mills,  Inc.  is  conducting  a  comprehensive  research  and  development  pro¬ 
gram  on  the  dissemination  of  solid  and  liquid  BW  agents. 

With  the  completion  of  the  developmentsil  model  of  the  liquid  agent  dis¬ 
seminating  store  in  April  of  this  reporting  period,  the  emphasis  of  work 
shifted  almost  entirely  to  areas  relating  to  finely -divided  solids.  Conse¬ 
quently  moat  of  this  report  deals  with  progress  in  these  areas,  However, 
Section  8  does  present  some  of  the  results  of  laboratory  and  field  testing  of 
the  liquid  agent  disseminator. 

On  22,  23  May,  General  Mills,  Inc.  was  host  to  the  Third  Dissemina¬ 
tion  Coordination  Meeting  which  was  attended  by  representatives  from  Fort 
Detrick,  Army  Chemical  Center,  Chemical  Corps  Research  and  Develop¬ 
ment  Command,  Aerojet -General  Corporation,  Cornell  Aeronautical  Labo¬ 
ratories  and  General  Mills,  Inc.  Some  of  the  material  covered  in  this  pro¬ 
gress  report  was  also  presented  at  this  meeting. 
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2.  THEORETICAL  AND  EXPERIMENTAL  STUDIES  OF  THE  MECHANICS 

OF  DRY  POWDERS 

Studies  of  the  mechatiical  properties  and  behavior  of  dry  powders  were 
continued  during  the  period  covered  by  this  report.  Experimental  results 
on  the  compaction  charactaristica,  shear  strength,  and  tensile  strength  of 
various  powders  are  presented. 

Z,  1  Compaction  Experiments  with  Particulate  Media 

Results  obtained  with  an  improved  version  of  the  piston-cyllndsr  com¬ 
paction  apparatus  and  a  hydrostatic  compaction  device  are  discussed  and 
compared  in  the  following  sections. 

2.1.1  Piston -Cylinder  Compaction  Experiments 

As  pointed  out  In  the  last  quarterly  report  (seventh),  the  initial  piston- 
cylinder  apparatus  used  in  the  compaction  experiments  was  subject  to 
several  limltationa  and.  consequently,  an  Improved  piece  of  apparatus 
(Figure  2.  I*)  was  fabricated.  Powder  Is  placed  In  the  cylinder  at  the  base 
of  the  apparatus.  A  surface  stress  is  applied  to  the  powder  by  a  piston 
which  is  lowered  by  turning  the  crank  at  the  top  of  the  apparatus.  An 
aluminum  ring  equipped  with  strain  gages  is  used  to  measure  the  stress. 
Large-scale  movement  of  the  piston  is  measured  by  means  of  a  Starrett 
dial  indicator,  and  small-scalo  movement  is  measured  by  moans  of  a  sen¬ 
sitive  diffeieutial  transformer.  The  output  of  the  strain  gages  and  the  dif¬ 
ferential  transformer  is  recorded  on  a  Sanborn  recorder. 

Using  the  experimental  results  obtained  from  the  tests  employing  this 
piece  of  apparatus,  a  relationship  between  the  bulk  density  of  the  powder 
and  the  stress  necessary  to  obtain  this  density  was  obtained.  These  results 


*Thia  is  the  same  apparatus  shown  in  the  referenced  report. 
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are  plotted  in  Figure  2. 2  for  several  different  powders.  The  stress  levels 
for  these  tests  were  considerably  higher  than  those  of  earlier  tests.  The 
stress  was  increased  znonotonlcally  during  the  tests. 

A  plot  of  the  stress  versus  reciprocal  density  is  a  straight  line  on  log- 
log  paper  which  is  in  agreement  with  the  previous  results.  An  empirical 
formula  of  the  form  <r=  k(l//3)*  can  be  used  as  a  good  fit  to  the  data.  The 
constants  of  this  equation  are  given  below  for  the  powders  testsd;  ' 


Powder  _  r  k 


Talc 

-  6.50 

4,42  X  lo"^ 

Saccharin 

-  7.70 

2.21  X  10*^ 

Powdered  Sugar 

-11.5 

6,3  xlO^ 

Powdered  Milk 

-35.9 

1.6  xio’ 

Cornstarch 

-20.8 

1.67  X  10® 

At  each  compaction  state  a  certain  amount  of  energy  Is  stored  In  the 
powder  bed  In  the  form  of  elastic  energy  as  pointed  out  in  an  earlier  report^. 
In  the  initial  tests  it  was  assumed  that  the  material  had  linear  elastic 
characteristics.  It  is  now  necessary  to  revise  this  as  sumption  on  the  basis 
of  more  accurate  measurements  carried  out  with  the  improved  apparatus. 
The  general  shape  of  the  elastic  recovery  versue  stress  curve  for  powders 
such  as  talc,  saccharin,  and  powdered  sugar  is  shown  in  Figurs  2.  3, 

It  is  interesting  to  note  that  very  little  energy  is  recovered  as  the 
stress  is  reduced  at  high  stress  levels,  but  that  most  of  the  elastic  re¬ 
covery  takes  place  at  low  stress  levels.  This  implies  that  considerably 
lees  elastic  energy  is  stored  In  the  powder  bed  for  a  partlcxilar  compaction 
state  than  was  originally  assumed. 
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Figure  Z.  3  Shape  of  Elastic  Recovery  versus  Stress  Curve 


Some  difficulty  was  experienced  in  obtaining  precise  measurements  of 
the  elastic  behavior  of  powder  due  to  insufficient  rigidity  of  the  new  com¬ 
paction  energy  apparatus.  At  high  stress  levels  the  apparatus  had  a  ten¬ 
dency  to  flex,  mahing  precise  measurements  of  the  elastic  recovery  of  a 
powder  difficult  to  obtain.  However,  the  basic  nature  of  the  elastic  re¬ 
covery,  illustrated  in  Figure  2.  3,  seems  to  be  definitely  established.  In 
order  to  obtain  more  precise  data,  it  will  be  necessary  to  mddify  the 
apparatus  to  make  it  more  rigid." 
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In  the  process  of  testing  the  various  powders  it  was  noticed  that  pow¬ 
dered  milk  and  cornstarch  behaved  in  a  unique  manner  during  the  compac¬ 
tion  process.  As  the  loading  piston  was  gradually  advanced,  the  stress  was 
found  to  increase  rapidly  and  then  fall  sharply  to  a  lower  level.  In  other 
words  the  powder  seemed  to  compact  in  a  stick-slip  fashion.  Figure  2.  4  is 
a  comparison  of  the  recording  traces  showing  the  variation  of  stress  as  a 
function  of  time  for  talc  and  powdered  milk  as  the  powders  were  gradually 
comptacted. 


Figure  2.  4  Compaction  Behavior  of  Talc  and  Powdered  Milk 


The  stick-slip  phenomena  observed  with  powderbd  milk  and  cornstarch 
diminishas  at  high  stress  levels.  The  stresses  plotted  in  Figure  2.  2  for 
powdered  milk  and  cornstarch  were  the  values  noted  after  the  stress  had 
fallen  from  the  peak  value.  The  magnitude  of  the  stress  pesks  was. in* 
fluenced  by  the  rate  at  which  a  force  was  applied.  If  the  force  was  applied 
rapidly  the  peaks  were  quite  small.  This  phenomenon,  indicating  that  the 
rate  at  which  surface  stressea  are  applied  may  be  an  important  factor  in 
the  compaction  process,  will  be  investigated  in  future  tests. 

An  expression  for  the  compaction  energy  as  a  function  of  density  can 
be  obtained  from  the  stress -density  curve  (Figure  2.  2)  and  is  of  the  form 
^  =  C/?”.  However,  from  the  previous  discussion  it  is  apparent  that  the 
stress  necessary  to  reach  a  given  compaction  state,  and  hence  the  energy 
involved  in  the  process,  may  depend  on  the  path  taken  to  reach  that  com¬ 
paction  state.  For  example,  If  a  certain  stress  is  applied  and  released 
several  times  in  compacting  a  bed  of  powder,  the  energy  of  compaction 
might  be  different  than  if  the  stress  were  applied  monotonically  to  reach 
the  same  compaction  state.  In  those  taste  made  to  date  In  which  the  test 
procedure  was  varied,  the  results  have  not  been  significantly  different. 
However,  an  investigation  to  precisely  determine  the  effect  of  path  on  the 
compaction  energy  is  planned  for  future  work. 


2.  I.  2  Hydrostatic  Compaction  Experiments 


In  the  process  of  performing  the  piston -cylinder  compaction  experi¬ 
ments,  the  question  arose  as  to  how  much  the  results  depended  upon  the 
constraints  and  loading  conditions  imposed  by  the  apparatus.  In  order  to 
answer  this  question  a  hydrostatic  compaction  experiment  was  devised  in 
which  the  constraints  imposed  by  the  apparatus  were  minimized.  The 
apparatus  is  shown  in  Figure  2.  5. 

A  sample  of  powder  was  put  into  a  polyethylene  bag  which  was  then 
hermetically  sealed.  The  bag  was  inserted  in  the  pressure  chamber  with 
the  powder  sample  vented  to  the  outside.  The  chamber  was  then  filled  with 
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Figure  2.  5  Hydrostatic  Compaction  Apparatus 
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water  to  a  certain  level  in  the  calibrated  tube  used  for  measuring  volume 
change.  Then  the  pressure  in  the  chamber  was  increased  in  small  lacrs> 
meats  and  the  volume  change  was  noted.  It  was  Interesting  to  note  that 
considerable  time  was  required  for  the  system  to  come  to  equilibrium  after 
the  pressure  was  Increased.  Svldently  the  stress  distribution  in  a  powder 
bed  undergoes  a  change  during  the  compaction  process.  After  the  system 
reached  a  state  of  equilibrium,  the  hydrostatic  pressure  was  released  and 
the  volume  change  caused  by  elastic  recovery  was  noted.  The  shape  of  the 
elastic  recovery  versus  stress  curves  was  essentially  the  same  as  that 
shown  In  Figure  2.  3. 

From  the  data,  a  curve  of  stress  versus  the  reciprocal  density  was 
plotted  for  the  two  powders  tested  (talc  and  saccharin)  and  a  straight  line  on 
log-log  paper  was  obtained,  Thus,  both  the  hydrostatic  and  piston-cylinder 
compaction  testa  yield  a  stress -density  relationship  which  is  described  by 
the  empirical  formula; 


<r  »  . 

The  constants  for  this  equation  for  the  two  powders  tested  in  the  hydrostatic 
compaction  apparatus  are: 

talc:  k  =  1.  39  X  10^  r  »  -7.6; 

and 

saccharin;  Js  »  1.95x  10^,  r  =  -6.24. 

Values  of  the  exponent  r  are  in  good  agreement  with  those  determined  by 
the  piston-cylinder  method.  The  coefficient  k  for  saccharin  is  also  in  good 
agreement  with  the  results  of  earlier  tests.  However,  the  value  of  k  for 
talc  differed  appreciably  from  that  determined  by  the  piston-cylinder 
method.  This  apparent  discrepancy  might  be  attributable  to  differences  in 
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the  compaction  proceae.  At  the  conclusion  of  one  of  the  hydrostatic  experi¬ 
ments  with  talc,  the  stress  was  cycled  several  times.  The  result  of  this 
cycling  caused  the  bulk  density  to  increase  with  each  succeeding  cycle  until 
a  point  was  reached  where  the  density  did  not  seem  to  increase  further. 

Fx‘om  this  one  can  see  that  It  is  somewhat  ambiguous  to  speak  of  the  stress 
necessary  to  reach  a  certain  compaction  state  without  specifying  the  com¬ 
paction  processi  at  least  for  a  powder'tlike  talc.  Other  powders  may  re¬ 
spond  differently  to  the  cycling  process. 

The  hydrostatic  compaction  apparatus  has  several  drawbacks,  one 
being  expansion  of  the  chamber  under  pressure.  This  expansion  necessitated 
calibration  tests,  resulting  in  a  tare  which  has  to  be  taken  into  account  to 
determine  the  true  volume  change  of  the  powder  sample  for  various  pres¬ 
sures.  Some  difficulty  was  also  experienced  in  determining  the  exact 
volume  of  the  powder  sample,  a  value  needed  in  order  to  calculate  the  hulk 
density.  Nevertheless,  it  is  believed  that  the  results  are  meaningful  and 
are  in  accord  with  our  previous  results. 

In  view  of  the  fact  that  resulte  from  hydrostatic  compaction  tests  seem 
to  be  in  close  agreement  with  the  results  obtained  from  the  piston -cylinder 
teats,  future  compaction  tests  will  be  conducted  utillalng  the  piston -cylinder 
arrangement  because  of  the  relative  ease  of  conducting  these  tests. 

The  powders  that  have  been  investigated  thus  far  seem  to  fall  into  two 
major  groups,  In  the  first  group  are  powders  such  as  powdered  milk  and 
coriistarch  which  display  the  above-mentioned  stick-slip  phenomena  and 
compact  very  little  even  when  subjected  to  high  compressive  stresses.  In 
the  second  group  are  powders  such  as  talc  and  saccharin  which  compact 
much  more  smoothly. 

Future  tests  will  be  oriented  to  determine  what  factors  are  affecting 
the  compacting  characteristics  of  a  powder.  Factors  such  as  the  history  of 
the  powder,  particle  shape  and  siae.  electrostatic  charge,  and  moisture 
content  would  seem  to  be  among  the  most  important  factors  to  consider. 
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2,  2  Powdeg  Shear  Strength  Studiae  by  the  Trlaacial  Teat  Technigua 

Prelimiaary  teats  with  the  triasdal  teat  apparatus  described  in  a  pre- 
vious  report  revealed  daflctencies  in  the  originally  proposed  teat  tech¬ 
nique.  which  produced  excessive  scatter  of  the  experimental  data.  To  Im¬ 
prove  the  reliability  and  reproducibility  of  the  triaxial  shear  test,  modifi¬ 
cations  were  made  in  the  method  of  sample  preparation  and  in  the  means 
used  to  apply  stresses  to  the  test  sample. 

2. 2. 1  Sample  Preparation 

For  incompactable  materials,  which  exhibit  dilatancy  in  shear,  the 
preparation  of  homogeneous  test  samples  is  a  straightforward  matter. 
However,  in  the  case  of  compactable  materials,  it  does  not  appear  to  be 
possible  to  produce  truly  homogeneous,  isotropic  samples.  Since  the  test 
sample  has  the  form  of  a  right  circular  cylinder,  it  le  natural  to  compact 
the  sample  to  the  degree  necessary  for  handling  by  employing  a  piston- 
cylinder  apparatus.  However,  from  prior  study  of  the  compaction  process 
in  a  pis  ton -cylinder  device  ,  it  is  known  that  the  compressive  stresses 
applied  to  the  powder  decay  exponentially  with  distance  from  the  loading 
piston.  Furthermore,  the  ratio  of  radial  to  axial  stress  appears  to  lie  in 
the  range  0.  3  to  0.  5  for  most  materials.  From  this  it  may  be  inferred  that 
the  density  of  the  sample  will  decrease  with  distance  from  the  loading  pieton 
and  that  the  powder  will  compact  non-isotropically.  It  Is  clear  that  the 
latter  effect  is  not  objectionable  since  it  is  typical  of  the  behavior  of  a  com¬ 
pactable  powder.  Non-uniform  sample  density  is  undesirable,  however, 
since  the  shear  strength  of  a  powder  will,  in  general,  depend  on  the  density. 

Several  techniques  have  been  used  to  prepare  samples  for  the  triaxial 
shear  test.  The  technique  originally  used  was  based  upon  the  observation 
that  a  region  of  nearly  constant  density  exists  in  a  column  of  powder  udiich 


2-II 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
lAW  E0 13626,  SecUon  3.5 

-  - - 

has  been  compacted  In  a  vertically  disposed  pi aton-cy Under  device.  It  was 
thought  that  a  teat  sample  obtained  from  this  region  would  be  Ideal  for  tri- 
axial  testing.  However,  it  was  found  to  be  impossible  to  obtain  a  sufficient 
degree  of  compaction  in  this  region  to  permit  the  minimal  handling  required 
for  preparation  of  the  test  specimen.  Thus,  it  became  evident  that  a  den¬ 
sity  gradient  in  the  sample  would  have  to  be  accepted  for  samples  compacted 
in  the  piston -cylinder  device.  A  series  of  experiments  were  carried  out  to 
determine  the  density  variation  along  a  powder  column  for  loads  sufficiently 
high  to  cause  compaction  to  occur  along  the  entire  column.  Typical  results 
for  talc  are  shown  in  Figure  2.  5  for  two  applied  loads.  It  is  apparent  that 
the  density  gradient  is  essentially  constant  over  ths  length  of  the  compacted 
powder  column. 

This  result  led  to  a  modification  of  our  sample  preparation  technique 
whereby  a  known  mass  of  powder  Is  compacted  to  a  preselected  final  length, 
thus  precisely  defining  the  mean  sample  density.  This  technique  has  been 
found  to  yield  improved  control  over  sample  uniformity,  as  judged  by  the 
reproducibility  of  shear  test  results  obtained  by  using  samples  prepared  In 
this  way. 

Actually,  this  method  of  preparing  test  specimens  is  very  similar  to 
the  proposed  technique  described  in  the  last  quarterly  report- .  At  high 
compaction  stresses,  however,  it  was  found  that  external  support  was  re¬ 
quired  for  the  split  tube  within  which  the  powder  sample  ie  confined  during 
compaction.  Another  essential  change  was  to  roughen  the  Inner  surfaces  of 
the  split  tube  to  prevent  atrotchlng  of  the  rubber  membrane  during  com¬ 
paction. 

The  variation  of  density  with  axial  distance  from  the  loading  piston  for 
the  modified  sample  preparation  technique  is  shown  In  Figure  2.  7.  The 
drop  in  density  near  the  high -density  end  of  the  sample  appears  to  be  caused 
by  elastic  relaxation  effects.  (See  Figure  2,  6  also. ) 
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Figure  6  Density  Variation  in  a  Compacted  Powder  Column  (Talc) 


i  sO 

in 

N  '-I 

>  * 

o 

o 

d 

• 

o 

O  O 

'  1 

(”/») 

i 

1 

1 

1 

2>14 

Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD,  WHS 
lAW  EO 13S26,  Seetlen  3,9 

Date: 

JUL  19  200 

( 


! 


'.-C 

'  '■  " !  f  t  " 

I  '  ,; 

?  .-■  i-  • 


2,  2.  2  Theoretical  Deinity  Variation 

The  denaity  variation  in  a  powder  sample  which  has  been  compacted  in 

a  piston 'Cylinder  device  may  be  determined  analytically  by  combining  re- 

suits  from  the  piston-cylinder  theory  with  the  empirical  relationship  be- 

2  3 

tween  density  and  applied  stress  '  ; 

<r  -  c/j”*  (2. 1) 

From  the  piston-cylinder  theory,  we  have: 


4KI/  ,Z, 

“  "W"''  iTT' 

C'{Z)  =  cr{0)e  °  ^  (2.2) 

Eliminating  the  axial  stress  a'(Z),  Equations  (2. 1)  and  (2,  2}  lead  to  the  re¬ 
lationship: 

_  4KL 

/>(Z)  =^{0)e  ^  (2.3) 

« 

In  this  equation  the  wall  resistsLnee  parameter  K  depends  on  the  shear  angle 
J)  of  the  powder  and  the  wall  friction  angle  0,  while  m  is  an  empirically 
determined  powder  parameter. 

Computed  valuee  o£/0{Z)  from  Equation  (2.  3)  are  shown  in  Figure  2.  6 

for  <r(0)  3  14.  6  X  10^  dynesyem^,  m  =  5.  46  (Reference  3)  and  for  two  values 

of  the  wall  resistance  parameter:  K  =  0.  35B  and  X  =  0.  200.  The  value 

K  =  0.  358  (corresponding  to  the  maximum  theoretical  value  of  the  wall  re- 
2 

sistance  parameter  )  yields  the  maximum  theoretical  rate  of  decay  of  den¬ 
aity.  The  smaller  value  of  K  =  0.  200  was  obtained  from  Figure  2.  1.3, 
Reference  2,  for  the  experimental  values:  f  a  40*  (talc),  0  -  35*  (talc  on 
aluminum).  The  theoretical  curve  for  K  =  0.200  agrees  rather  well  with 
the  experimental  curve  for  O'!©)  s  14.  6  x  10^  dynes/cm^. 
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2.2.3  Teat  Procedura  and  Typical  Taat  Ratalta 

During  initial  work  with  the  trlaxial  teat  technique*  It  was  found  that 
the  streaa  at  which  yielding  of  the  sample  occurred  waa  difficult  to  define. 
The  principal  reason  for  this  appeara  to  be  the  constraining  effect  of  the 
rubber  mambrane,  which  prevents  a  sudden  collapse  of  the  powder  when 
shear  failure  occurs.  In  an  effort  to  increase  the  precision  of  the  test  and 
to  secure  a  better  indication  of  sample  failure,  the  trlaxial  test  apparatus 
was  adapted  for  use  with  an  available  Instron  teat  machine.  Through  uae  of 
the  Instron.  the  following  desirable  features  were  achieved:  1)  accurate 
force  meaaureuient  through  uae  of  a  sensitive  load  cell.  2)  precise  and 
adjustable  rate  of  strain,  and  3)  accurate  recording  of  applied  axial  load  as 
a  function  of  sample  strain. 

Figure  2,  8  shows  the  trlaxial  test  apparatus  mounted  in  the  Instron  teat 
machine.  The  test  procedure  is  as  follows: 

1)  The  test  specimen,  prepared  in  the  manner  described 
above,  is  installed  iu  the  pressure  chamber  of  the  test 
apparatus  and  properly  centered  (locating  pins  are  pro* 
vlded  fur  this  purpose  in  the  samplo  end  fittings). 

2)  The  test  chamber  is  sealed  and  pressured  to  the  desired 
chamber  pressure. 

3)  After  checking  to  make  sure  there  is  no  leakage  to  the 
sample  interior,  the  machine  is  started  and  run  until  shear 
failure  occurs. 

In  these  tests,  shear  failure  Is  evidenced  by  a  sudden  change  in  the 
slope  of  the  load -strain  curve.  Thle  is  illustrated  by  Figure  2.  9  showing  a 
series  of  load-strain  curves  for  a  mean  sample  density  of  0.  650  g/cc  and  a 
chamber  pressure  of  1  psi.  The  appearance  of  the  test  specimens  after 
failure  is  shown  in  Figure  2, 10.  It  is  apparent  from  the  photograph  that 
failure  occurs  by  the  formation  of  cracks  in  the  compacted  powder,  although 
the  rubber  membrane  preveato  collapse  of  the  sample. 
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The  results  shown  in  Figures  2.9  and  2.  10  are  typical  of  runs  carried 
out  for  preasursB  la  the  range  0  to  2  psi.  At  higher  pressures,  however, 
it  was  impossible  to  detect  sample  failure  since  the  sample  merely  bulged 
outward  without  a  break  in  the  load*strain  curve.  This  behavior  is  Illus¬ 
trated  by  Figures  2.  11  and  2. 12.  It  is  suspected  that  this  behavior  may  be 
caused  by  additional  compaction  during  the  test  since  the  applied  loads  are 
comparable  to  the  loads  used  in  preparing  the  sample.  Of  course,  the  effect 
of  the  membrane  in  thie  case  is  to  stablliae  the  powder  as  bulging  occurs. 
There  is  little  reason  to  doubt  that  the  high  loads  shown  in  Figure  2. 11  for 
a  chamber  pressure  of  6  pel  are  attainable  only  because  of  the  stabilizing 
effect  of  the  membrane. 

The  yield  locus  established  from  tests  carrlsd  out  at  pressures  of  0, 

0.  24.  0.  50  and  2,  0  pal  is  plotted  In  Figure  2. 13.  The  slope  of  the  yield 
locus  is  about  35  degrees,  which  agrees  quite  well  with  the  shear  angle 
determined  from  sliding  disk  measurements^  (|5  =  40  degrees). 

The  experiments  and  test  results  reported  herein  have  been  primarily 
concerned  with  the  development  of  techniques  for  application  of  the  trlaxial 
test  to  compactable  powders.  Additional  tests  are  planned  for  future  work 
in  which  powders  other  than  talc  will  be  tested  and  the  effects  of  such  factors 
as  moisture  content  will  be  investigated. 

Our  ettidies  of  the  triaxial  test  havs  disclosed  several  limitations  of 
this  method  of  conducting  shear  tests.  The  most  serious  limitation  is  that 
the  test  technique  is  restricted  to  samples  which  have  been  compacted  to 
high  densities;  also,  no  means  have  been  found  to  produce  samples  of  uni¬ 
form  density.  Another  serious  problem  is  the  constraining  affect  of  the 
rubber  membrane,  which  prevents  a  ‘'natural"  shear  failure.  It  should  be 
noted,  however,  that  the  membrane  is  not  required  for  tests  at  zero  pres¬ 
sure,  A  further  difficulty  with  the  triaxial  technique  is  the  difficulty  of  de¬ 
fining  the  shear  locus  for  small  compressive  stresses.  Thus  the  strength 
of  the  powder  in  pure  shear  cannot  be  obtained  directly  from  this  type  of 
test. 
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Figure  2. 13  Triaxial  Test  Results  for  Talc  at  a  hleau  Sample  Density,  fi  -  0.  65 
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In  epite  of  these  deficiencies,  the  triaxJsl  test  provides  much  worth¬ 
while  Information  on  the  behavior  of  dry  powders.  Also.  It  is  quite  possi¬ 
ble  that  some  of  the  apparent  limitations  of  the  triaxial  test  can  be  removed 
through  improvements  in  test  techniques. 

2.  3  Bulk  Tensile  Strength  of  Compressed  Powders 

A  new  apparatus  and  technique  for  the  measurement  of  bulk  tensile 

2 

strength  of  compressed  powders  was  described  In  the  last  quarterly  report  . 
Work  in  recent  months  has  been  devoted  to  an  exhaustive  study  to  refine 
techniques  and  to  establish  the  most  accurate  and  efficient  method  for  a 
comparative  measure  of  bulk  tensile  strength  of  various  bulk  powders. 

2  4 

According  to  theory  '  the  bulk  tensile  strength  of  a  compressed  pow¬ 
der  is  an  exponential  function  of  the  distance  from  the  compressive  piston 
to  the  fracture  plane: 


<r 


-kL 


(2.  4) 


where! 

O'  =  bulk  tensile  strength  of  a  column  of  compressed 
powder  at  distance  L  from  the  piston 

<7^  =  bulk  tensile  strength  of  the  compressed  powder 
immediately  below  the  piston 

k  =  constant 

L  =  distance  from  piston  to  fracture  plane. 

The  method  employed  Involvee  the  compression  of  bulk  powder  in  a 
vertical  segmented  column.  The  design  of  the  apparatus  permits  the  powder 
to  be  fractured  by  a  measured  vertical  force  at  several  points  down  the 
column,  permitting  the  bulk  tensile  strength  to  be  measured  as  a  function  of: 
1)  bulk  density,  2)  distance  from  compressive  force  application  to  fracture 
plane,  and  3)  total  column  length. 
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Although  the  bulk  teuelle  strength  does  vary  with  length  of  time  of  appli* 
cation  of  compraeaive  loadi  our  recent  studies  have  led  to  the  adoption  of  a 
1-1/2  hour  compression  time.  It  is  believed  that  this  time  period  not  ordy 
Is  adequate  for  good  reproducibility  but  also  allows  the  operator  to  make 
four  efficient  runs  per  working  day.  In  addition  to  the  adoption  of  1-1/2 
hours  as  a  standard  time  of  compressloni  three  compressive  loads  (5.  95  x 
10®,  7.  88  X  10®,  and  10.  59  *  10®  dynes/cm^)  have  been  adopted  as  standard. 
Although  this  test  as  described  does  not  exhaustively  cover  all  posaibilities, 
we  believe  that  it  does  offer  an  acceptable  method  for  a  comparative  study 
of  a  physical  phenomena  which  la  at  best  difficult  to  measure. 

Figures  2. 14,  2.  15  and  2.  l6  represent  typical  plots  for  zinc  cadmium 
sulfide  at  three  compressive  loads.  The  individual  plots  were  made  by  the 
method  of  least  squares.  Individual  points  were  omitted  to  afford  greater 
ease  of  visual  comparison  of  tlie  various  plots. 

2 

These  data  show  as  Indicated  in  the  last  quarterly  report  that  (7^  is  in 
fact  a  function  of  total  plug  length  L,^.  Figure  2. 17  shows  the  relationship 
betwAsn  CT  and  at  the  three  compressive  loads.  Since  the  values  obtained 
for  cTg  are  for  a  fairly  narrow  range  of  values  for  we  must  extend  this 
range  before  making  valid  generallBations.  The  individual  plots  are  how¬ 
ever  interestingly  close  to  being  linear. 

In  the  near  future  we  plan  to  obtain  more  data  on  the  variation  of  0^ 
with  for  zinc  cadmium  sulfide  and  to  utilize  our  standard  method  to  study 
the  bulk  tensile  strength  characteristics  of  such  powders  as  talc,  powdered 
sugar,  powdered  milk,  saccharin,  and  cornstarch. 

2.4  Frictional  Forces  Between  Powders  and  Plated  Metal  Surfaces 

A  modification  of  a  test  msthod  previously  described®  was  used  to  study 
the  frictional  force  between  talc  and  samples  of  cold  rolled  steel  that  had 
been  electroplated  with  nickel,  cadmium  or  zinc.  In  principle  the  method 
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Figure  2. 14  Bulk  Tensile  Strength  for  Zinc  Cadmium  Stilflde  as  a  Function 
of  Distance  "L"  from  Compressive  Force  at  Various  Total 
Plug  Lengths,  L^ 
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Figure  2.  16  Bulk  Tensile  Strength  for  Zinc  Cadmium  Sulfide  as  a  Function 
of  Distance  "L"  from  Compreseive  Force  at  Various  Total 
Plug  Lengths.  L^ 
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2.  17  Bulk  Tensile  Strength  at  L,  for  Zinc  Coulmiunn  Sulfide  as  a 

Function  of  Total  Plug  Length  L.  at  Various  Compressive  Loads 
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involves  placing  a  powder  on  the  nsetal  aurface  and  tilting  the  plate  of  metal 
slowly  until  the  powder  begins  to  slide.  The  elide  angle  is  related  to  the 
coefficient  of  friction  as  followa: 


3  tan  0 


whores 

jU'  =  coefficient  of  friction 
8  =  angle  of  slide 

To  make  a  comprehensive  study  of  this  problem,  the  following  three 
methods  were  used  to  place  the  talc  upon  the  metal  surface; 

1)  An  alsiminum  ring  of  3. 5  cm  10  was  placed  on  a  mechanical 
vibrator  and  filled  with  1. 5  g  talc.  After  a  standard  3- 
minute  vibration  to  assure  uniformity  of  packing,  the  sample 
was  transferred  to  the  plated  metal  surface  on  the  tilting 
table, 

2)  The  talc  was  processed  identically  to  Pert  (1)  except  that 
prior  to  transfer  to  the  plated  surface,  the  talc  was  com- 
pacted  into  a  plug  by  the  use  of  a  piston  assembly  with  a 

9 -pound  compressive  load. 

3)  The  talc  was  processed  Identically  to  Part  (1)  except  that 

transfer  to  the  plated  Surface,  the  talc  was  compacted 
directly  onto  the  plated  surface  by  the  9 -pound  piston  as- 
senibly. 

The  tests  were  performed  in  a  controlled  humidity  environment  (15  to 
18  percent  relative  humidity).  Upon  analysis  of  these  data,  Method  (3)  was 
chosen  for  further  study  at  a  higher  (  >  60%  RH)  humidity.  The  following  is 
a  tabulation  of  values  of  angle  of  slide:  each  value  reported  is  an  average  of 
at  least  five  independent  runs: 
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Plating 


Method 

Nickel 

Cadmium 

Zinc 

Unplated 

Low  Humidity 
(15-18%  RH) 

1 

2 

3 

40.7 

36.0 

41.9 

42.6 

37.  6 
43.4 

42.5 

37.8 

43.7 

43.0 

39.7 

44.2 

High  Humidity 
( >  60%  RH) 

3 

39.  8 

40.  0 

42.9 

42.0 

Although  Method  (2)  tends  to  yield  a  lower  slide  angle  than  Methods  (1) 
or  (3),  the  data  Indicate  only  very  minor  dlfferencee  in  the  frictional  forces 
between  the  talc  powder  and  the  various  electroplated  surfaces.  It  is 
interesting  to  note,  however,  that  regardlese  of  the  method  utilised,  the 
nickel  plate  gave  consistently  the  lowest  coefficient  of  friction  and  the  un¬ 
plated  material  consistently  the  highest.  It  should  also  bo  mentioned  that 
in  every  case  when  the  metal  surface  had  been  exposed  for  some  time  prior 
to  test,  the  first  test  performed  on  each  surface  gave  values  50  to  75  per¬ 
cent  higher  than  the  average.  These  values  were  not  included  In  the  tabu¬ 
lated  data  preoented.  Apparently  either  surface  moisture  and/or  surface 
oxidation  changes  the  frictional  characteristics  of  the  surface  in  a  way  that 
is  removed  by  making  a  single  test  run. 

Since  there  seems  to  be  no  obvious  advantage  In  electroplating  the 
metal  surfaces  of  a  disseminator  in  order  to  reduce  frictional  forces,  no 
future  work  in  this  area  is  currently  planned. 

2.  5  Bulk  Density  of  Compressed  Powders 

To  expand  our  knowledge  of  the  variation  of  bulk  density  In  a  column  of 
compressed  powder,  a  new  apparatus  (as  fchown  in  Figures  2,  18,  2.  19  and 
2.  20)  has  been  designed  and  perfected.  Saccharin  has  been  used  as  a  test 
powder  in  our  initial  series  of  experiments  with  the  new  apparatus. 
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Figurr  2.  II!  Bulk  Density  Apparatus  A.s st ruhleii  for  Fin 
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Figure  2. 19  Bulk  Deueity  Apparatus  Assemblsd  for  Cocopaction  of  Bulk  Powders 
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figure  2.  20  Bulk  Density  Apparatus  Assembled  fur 
Cutting  of  Individual  Powder  Segments 
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2.5.1  Apparatus  and  Technique 

In  an  actual  experiment  the  apparatus  is  assembled  as  shown  in  Figure 
2.  19  but  with  the  sifter  replacing  the  piston  assembly  (Figure  2. 18).  The 
sifter  with  a  mechanical,  doorbell -type  vibrator  attached  is  intended  to  aid 
in  uniformity  of  packing.  The  powder  under  study  is  added  slowly  through 
the  sifter  until  the  column  is  filled  to  the  top  of  the  hold-down  sleeve.  The 
piston  assembly  Is  then  put  into  place  and  the  compressive  lead  applied  for 
a  period  of  one-half  hour.  The  compressive  load,  piston  assembly,  and 
hold-down  sleeve  are  then  removed.  The  entire  column  of  compacted  pow¬ 
der  plus  the  compaction  rings  ars  moved  upward  with  the  aid  of  the  lab  Jack 
and  ring -supporting  piston,  exposing  the  metal  rings  containing  the  com¬ 
pacted  powder. 

The  cutting  assembly  (Figure  2.  20)  is  than  used  to  divide  the  plug  of 
compressed  powder  into  one -inch  segments  of  known  cross-sectional  area. 
By  obtaining  tho  weight  of  these  segments,  the  bulk  density  may  then  bo  cal- 
cuUted.  To  obtain  further  Information  a  "cookie -cutter"  assembly  Is  then 
used  to  remove  a  circular  portion,  representing  one -half  the  cross-sectional 
area,  from  the  center  of  each  segment.  This  affords  a  gross  comparison 
of  the  variation  of  bulk  density  along  the  radius  of  the  column  of  compressed 
powder. 

2.5.Z  Diecueeion  of  Data 

The  results  of  an  experiment  uaing  saccharin  as  a  test  powder  are 
shown  in  Figure  2.21.  Tho  compactions  were  made  in  order  of  Increasing 
compressive  load  with  no  special  attention  given  to  using  virgin  saccharin 
each  time.  To  study  the  possible  effects  of  previous  history  of  compaction 
of  a  powder  upon  bulk  density,  the  18.9  lb  test  was  repeated  using  the 
saccharin  that  had  been  used  throughout  several  tests  including  the  354  lb 
compression. 
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figure  2.21  Bulk  Density  of  Preconapacted  Saccharin  as  a  Function  of 
Distance  from  Piston  at  Various  Compressive  Loads 
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The  two  curves  are  shown  for  comparative  purposes  in  Figure  2,22. 

It  is  interesting  to  note  that  the  general  shapes  of  the  plots  are  nearly  Identi¬ 
cal.  The  bulh  density  of  the  virgin  powder  for  the  first  IS.  9  lb  teat  was 
0.  293  gm/cm  compared  with  0.  332  gm/cm  for  the  previously  compacted 
saccharin  used  in  the  last  18.9  lb  test.  These  experiments  accentuate  the 
dependence  of  bulk  density  upon  the  previous  compaction  history  of  the  sam¬ 
ple  and  the  need  for  the  use  of  virgin  materials  for  each  test  in  order  to 
obtain  reliable  comparative  results.  With  this  background  of  experience 
the  experiment  waa  then  repeated  using  virgin  saccharin  for  each  run.  The 
results  shown  in  Figure  2.23  Indicate  a  linear  relationship  between  the  bulk 
density  and  distance  from  compressive  piston.  The  deviation  from  linearity 
at  greater  distances  from  the  piston  will  be  Included  in  the  discussion  of 
Figure  2.  25. 

As  stated  earlier  In  this  report,  data  were  obtained  concerning  the 
variation  In  bulk  density  along  the  radius  of  the  plug.  Since  this  variation 
wae  so  uniform  throughout  each  test,  the  data  shown  In  Figure  2.  24  are 
presented  as  typical  of  the  variation  foxmd.  In  order  to  determine  whether 
or  not  the  radial  variation  in  bulk  density  is  due  to  the  effects  of  the  applied 
compressive  load  or  to  the  method  of  filling  the  apparatus,  an  experiment 
was  just  completed  at  the  writing  of  this  report  in  which  the  bulk  density 
apparatus  was  filled  with  saccharin  in  a  manner  identical  to  previous  ex¬ 
periments  and  the  bulk  density  measured  without  the  application  of  a  com¬ 
pressive  load.  The  results  are  shown  in  Figure  2.25.  Although  the  appara¬ 
tus  permitted  accurate  measurement  of  the  average  btilk  density  of  the  seg¬ 
ments,  only  near  the  bottom  of  the  column  was  the  powder  plug  rigid  enough 
to  obtain  data  on  the  inner  and  outer  segments.  It  is  very  interesting  to 
note,  however,  that  radial  variation  In  bulk  density  of  the  order  of  magnitude 
observed  with  the  compacted  powder  is  also  in  evidence  here.  The  radial 
variation  is  thus  affected  to  a.  considerable  extent  by  the  method  of  filling 
the  column.  It  is  belisved,  however,  that  the  vertical  variation  of  bulk  den¬ 
sity  should  be  relatively  unaffected  by  this  phenomena. 
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Figure  2.  22  Bulk  Density  of  Saccharin  as  a  Function  of  Distance  from  Piston 
(A  comparison  of  virgin  saccharin  with  previously  compacted 
saccharin. ) 
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Figure  2.  23  Bulk  Density  of  Virgin  Saccharin  as  a  Function  of  Distance 
from  Piston  at  Various  Compressive  Loads 
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Figure  2.  24  Variation  in  Bulk  Density  of  Compacted  Saccharin 
along  the  Radius  of  the  Plug 
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Further  examination  of  Figure  2.  25  ahowa  a  sharp  rise  in  bulk  density 
near  the  bottom  of  the  column  of  uneompacted  powder.  The  delation  from 
linearity  in  the  plote  shown  in  Figure  2. 23  could  be  ejqjlained  on  this  basis. 

In  attempting  to  explain  the  Increased  bulk  density  near  the  center  of 
the  compressed  plug,  one  might  suspect  that  during  the  filling  process  the 
powder  tends  to  "pile  up"  in  the  center.  Visual  observations  made  during 
the  filling  process  indicate  that  this  is  probably  not  the  case.  The  pheno¬ 
menon  that  Is  observed  is  a  buildup  of  powder,  apparently  due  to  electro¬ 
static  charge  on  the  particles,  along  the  walls  of  the  apparatus  as  shown  in 
Figure  2.  26.  Not  only  could  this  lead  to  partial  segregation  according  to 
particle  size,  but  the  powder  along  the  walls  is  probably  of  lower  bulk  den¬ 
sity  since  it  is  not  supporting  a  mass  of  overlaying  powder  as  is  the 
material  at  the  bottom  of  the  cylinder.  A  sketch  of  this  concept,  involving 
a  dense  core  surrounded  by  less  dense  material,  is  presented  in  Figure  2.26, 

Future  work  will  certainly  include  continued  investigation  in  this  area 
of  proper  packing  of  the  column.  We  also  plan  to  ,extand  our  studies  to 
other  powders  such  as  talc,  cornstarch,  and  powdered  milk.  There  is,  of 
course,  a  limitation  in  our  selection  of  powdera  for  sludy  because  of  the 
relatively  large  volumes  of  powder  required  if  virgin  powders  are  used  for 
each  test. 

2.  6  Shear  Strength  of  Powders  by  Sliding  Disk  Method 

During  the  present  quarter  our  studies  of  the  variation  of  shear  strength 
of  powders  with  compressive  atress  at  various  humiditiea  have  been  ex¬ 
tended  to  powdered  sugar  and  powdered  milk. 

The  techniques  of  measurement  used  were  identical  to  those  described 
in  a  previous  report^  in  which  the  powder,  <ifter  exposure  for  at  least  48 
hours  to  a  controlled  humidity  environment,  is  caused  to  shear  while  under 
the  Influence  of  a  compressive  stress  by  applying  a  shearing  force  normal 
to  the  compressive  atress. 
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Figure  2.26  Sketch  of  a  Probable  Filling  Mechanism 
in  the  Bulk  Deaeity  Apparatus 
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The  reeulta  are  tabulated  in  Figure#  2. 27  through  2.  31.  It  ahouid  be 
noted  from  the  graphs  that  the  relationship  between  shear  strength  and  com¬ 
pressive  stress  remains  relatively  unchanged  for  both  powders  during  the 
increase  In  relative  humidity  from  2  to  32  percent.  However  at  46  percent 
relative  humidity  and  more  noticeably  at  69  percent  relative  humidity  there 
is  a  marked  increase  in  shear  strength  with  compressive  stress.  Also,  the 
relationship  between  shear  strength  and  compressive  stress  is  no  longer 
linear  for  powdered  milk. 

Future  work  will  include  studies  of  powdered  sugar  and  powdered  milk 
at  higher  compressive  stresses.  In  particular  It  will  be  Interesting  to 
determine  if  the  shear  strength  is  in  fact  reaching  a  maximum  value  for 
powdered  milk  at  69  percent  relative  humidity  as  Indicated  by  the  plot  in 
Figure  2.  31.  We  alto  plan  to  extend  our  studies  to  other  powders  such  as 
cornstarch,  talc,  and  saccharin. 

2*  7  Future  Area's  for  Study  on  the  Characteristics  of  Powders 

The  empbasfs  fn  our  work  has  been  devoted  to  the  development  of  reli¬ 
able  test  methods  based  upon  a  sound  theoretical  background.  In  the  future 
we  will  concentrate  upon  coordination  of  information  on  specific  powders  in 
order  to  completely  characterise  the  powder,  and  to  determine  which  test 
or  tests  yield  the  most  reliable  information  concerning  the  compactlbility 
and  dispersabllity  of  a  powder.  New  areas  of  study  which  will  be  initiated 
include: 


2.7,  1  Bulk  Density  of  Looae  Powders 

An  apparatus  is  being  constructed  in  which  powders  will  be  allowed  to 
fall  a  fixed  distance  through  vibrating  screens  into  a  unit  cube.  It  is  bs- 
lievodthat  this  will  afford  a  simple,  rapid,  and  accurate  method  for  mea¬ 
surement  of  the  bulk  density  of  a  variety  of  loose  powders. 
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Figure  2.  28  Variation  of  Shear  Strength  with  Compressive 
Stress  at  15  Percent  Relative  Humidity 
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Figure  2.  29  Variation  of  Shear  Strength  with  Compressive 
Stress  at  32  Percent  Relative  Humidity 
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Figure  2,  30  Variation  of  Shear  Strength  with  Compressive 
Shear  at  46  Percent  Relative  Humidity 
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Figure  2.  31  Variation  of  Shear  Strength  with  Compreesiva 
Straee  at  69  Percent  Relative  Humidity 
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Meaawrement  oi  Static  Charge  of  PartlcttUte  Matariala 

A  Btudy  will  be  made  of  various  methods  of  generating  and  removing 
static  charges,  and  of  methods  for  qualitative  and  quantitative  measure  of 
static  charge. 

^•7.  3  Particle  Sise  and  Shape 

One  of  the  most  important  characteristics  determining  the  behavior  of 
^  powders  in  the  5 -micron  range  is  the  magnitude  and  the  character  of  the 

I  total  surface  of  the  Individual  particle.  A  characteristic  which  can  be 

called  "surface  roughness"  should  be  of  fnndamental  importance  In  predlct- 
j  ing  the  ease  with  which  a  powder  can  be  compacted  and  rediaperaad.  Thlt 

characteristic  can  be  evaluated  by  a  summation  of  Information  obtained 
j  from  particle  sine  distribution,  particle  shape,  and  total  surface  area. 

Particle  size  distributions  are  now  being  determined  via  the  Whitby  centri- 
I  fuge.  Photomicrographs  are  now  being  utilized  to  study  particle  shape. 

This  study  will  be  extended  to  the  use  of  electron  micrographs. 

Total  Surface  Area 

Measurement  of  total  surface  area  of  powders  in  conjunction  with  the 
particle  size  and  shape  analysis  should  yield  a  clearer  picture  of  the  total 
"surface  roughness," 

There  are  several  methods  for  measuring  the  specific  surface  area  of 

powders  .  Of  these,  the  two  most  frequently  used  are  the  gas -adsorption 

(usually  nitrogen)  and  air  permeability  methods. 

In  the  gas  adsorption  method,  the  quantity  of  gas  necessary  to  form  a 
monomolecular  layer  on  the  surface  is  determined.  By  assuming  a  value  for 
the  area  occupied  by  a  single  molecule,  the  area  of  surface  covered  by  the 
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adsorbed  gas  meUaulas  Is  then  calculated.  The  area  measured  by  this 
method  depends  on  the  size  of  the  molecules  adsorbed  and  the  degree,  to 
which  they  are  able  to  penetrate  into  any  cracks  or  pores  In  the  solid. 

The  air  permeability  method  is  essentially  a  rheological  method  in 
which  the  flow  of  a  fluid  (liquid  or  vapor)  through  a  powder  in  a  compacted 
bed  is  related  to  the  surface  area  of  a  continuous  solid.  It  is  assumed  in 
this  method  that  the  bed  of  powder  behaves  as  a  bundle  of  caplUarlee.  In 
consequence,  only  the  surface  of  the  continuous  paths  through  the  material 
will  contribute  to  the  measured  specific  surface  area.  Thie  area  is  not  the 
same  as  that  measured  by  adsorbing  a  gas  on  the  surface  of  the  powder, 
because  in  the  latter  method  all  the  surface  accessible  to  gas  molectilee  of 
the  type  used  will  contribute.  In  general,  the  area  measured  by  the  adeorp- 
tion  of  a  gas  will  bs  larger  than  that  obtained  by  a  permeability  method. 

This  difference  may  be  accentuated  if  the  powder  has  appreciable  "internal" 
surface  due  to  cracks,  internal  pores,  and  other  irregularities.  In  addition, 
the  permeability  method  may  not  measure  the  full  "external"  surface  of  the 
powder  because  of  the  formation  of  blind  pores  during  compaction  of  the 
bed. 

With  very  fine  powders  a  further  complication  arises  since  it  is  very 
difficult  to  compact  a  fine  powder  to  give  a  bed  of  low-voids  fraction!  and 
with  a  porous  type  of  bed  there  may  be  a  serious  lack  of  uniformity  through¬ 
out  the  compacted  bed.  From  these  considerations  it  would  appear  that  the 
logical  method  to  be  used  for  powders  currently  under  study  would  be  the 
gas  adsorption  method. 
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3.  AEROSOL  STUDIES 

The  objective  of  thie  experimental  program  has  been  to  perform  a 
study  of  the  properties  of  aerosols,  both  intrinsic  and  extrinsic,  which 
have  an  effect  on  the  aerosol's  over>all  stability.  The  degree  of  stability 
can  be  measured  by  observing  the  net  rate  of  disappearance  of  the  particles 
from  the  aerosol.  Several  factors,  besides  concentration,  conceivably 
have  an  effect  on  aerosol  etability.  These  factors  are: 

1)  Partizle  size  and  shape 

2)  Particle  type 

3)  Charge  characteristics  of  particles  and  environment 

4)  Water  content  of  particles 

5)  Absolute  humidity  of  environment 

6)  Type  of  settling  (turbulent  or  tranquil) 

The  instability  of  aerosols  is  obviously  to  be  understood  in  terms  of 
only  two  distinct  processes; 

1}  Particles  may  be  removed  from  the  aerosol  by  settling  on 
and  adhering  to  the  various  surfaces  to  which  the  aerosol 
is  exposed. 

2)  Particles  may  be  removed  from  the  aerosol  by  colliding 
with  and  adhering  to  other  particles  within  the  same  aero¬ 
sol  resulting  in  a  net  decrease  of  independent  particles 
(coagulation). 

Since  the  rates  of  these  two  processes  completely  specify  the  stability  of  an 
aerosol,  the  fruitfulness  of  any  experimental  method  is  to  be  judged  pri¬ 
marily  on  its  capability  for  supplying  actual  numerical  values  for  these 
rates.  Much  of  our  work  during  this  period  has  been  directed  at  this  type 
of  evaluation  of  our  iight-instrunrient'id  aerosol  chamber. 
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3.  1  Tertninology  aud  Deflnlttoae 

A  perusal  of  the  literature  of  aerosols  reveals  a  certain  degree  of  in- 
I  dependence  among  the  various  authors  In  regard  to  terisinology.  It  is 

necessary!  therefore!  to  define  those  terms  used  in  this  section  which 
j  would  conceivably  conflict  with  the  literature. 

The  number  of  particles  per  unit  volume  will  be  termed  the  concentra- 
I  tlon  of  the  aerosol.  The  term  concentration  will  often  be  specialized  to  ^ 

mean  the  number  of  particleo  of  a  particular  specles!  e.g. ,  those  with 
(  dimension  iix  the  range  (di  d  +  ^d)  per  unit  aerosol  volume. 

1  _  I 

The  classification  of  aerosol  particles  according  to  species  warrants  I 

j  some  comment.  Since  the  most  important  particle  property  with  respect  to 

its  behavior  in  an  aeroaol  is  particle  size,  the  primary  classification  should 
I  be  made  accordingly.  In  dealing  with  solid  particlesi  however!  it  is  often 

I  not  obvious  how  this  clasaincation  should  be  put  into  practice  because  the 

particles  are  often  very  irregulady  shaped.  In  our  work  we  shall  generally 
I  suppose  that  the  particles  may  be  considered  spherical  and  characterize 

particle  size  by  meane  of  the  diameter  d.  Thue  if  N  denotes  the  total  num- 
j  ber  of  particles  under  consideration!  we  denote  the  number  of  particles 

with  diameter  less  than  d  by  NCd).  Clearly  N(0)  =0  and  N(d)  approaches  N 
as  d  becomes  infinite,  so  that  a  plot  of  N(d)  against  d  is  qualitatively  as 
shown  in  the  sketch  below. 
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The  value  oi  d  for  which  N{dj^)  =  1/2  N  is,  of  couree,  the  median 
diameter.  The  terms  monodisperse  and  polydisperse  are  widely  used  in 
reference  to  the  variety  of  particle  sizes  present  in  a  sample,  a  practice 
that  we  shall  follov/  by  saying  that  the  dispersity  is  measured  by  the  slope 
of  the  N(d)  curve. 

It  is  often  convenient  to  apeak  of  the  fractional  number  of  particles  in 
a  particular  sample  which  have  diameters  less  than  d.  Denoting  this  frac¬ 
tion  by  n(d)  we  have  as  its  defining  relation  Nn(d)  =  N(d). 

The  derivative  of  N(d)  has  significance.  The  number  of  particles 
having  diameters  in  the  small  interval  (d,  d  +  rJ  d)  is  N(d  +  ^  d)  -  N(d)  » 

5d  =  N'(d)  Haro  the  prime  denotes  the  derivative.  n'(d)  is 
similarly  defined.  N'(d)  is  commonly  called  the  particle  size  distribution 
while  N(d)  is  often  called  the  cumulative  particle  size  distribution. 

There  are  several  explicit  formulae  for  the  particle  size  distribution, 
each  of  which  approximates  a  wide  variety  of  distributions  actually  encoun¬ 
tered  in  practice,  Sach  of  these  formulae  contain  two  or  more  parameters 
which  are  supposedly  capable  of  accounting  for  practical  variations.  Inas¬ 
much  as  it  is  often  convenient  to  have  such  a  formula  available  for  discus¬ 
sion,  we  have  chosen  one  for  that  purpose.  Since  it  is  felt  that  the  data  in 
most  cases  are  not  precise  enough  to  form  a  basis  for  choice  of  formula, 
we  simply  take  the  most  common  such  formula  which  is  compatible  with  the 
conditions  n(0)  and  n(oo)  =  1,  namely,  the  logarithmic -normal  distribution; 


i  (log  d) 


log  (d/d^) 

n(d)  = 


n'(d)  d  d  = 


1 


exp 


log  (d/d^) 
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Simple  considerations  show  that  (the  geometric  mean  diameter)  in  the 
above  formula  is  also  the  median  diameter  mentioned  earlier.  The  term 
(j-^,  (the  geometric  standard  deviation)  is  a  measure  of  the  dispersity. 

3.  Z  A  Theoretical  Calculation  for  Non-Aggloroerative  Aerosol  Decay 

It  is  expected  that  the  information  provided  by  scattered  light  will  be 
rather  subtly  related  to  the  fundamnntal  processes  of  aerosol  decay.  For 
this  reason  it  will  be  useful  to  have  a  simple,  yet  pertinent,  relation  be¬ 
tween  these  processes  and  the  aerosol  light-scattering  behavior.  Such  a 
relation  is  proposed  In  tills  section. 

The  light -scattering  problem  for  an  aorosol  may  be  formulated  as 
follows:  Consider  a  email  element  of  volume  SV  in  the  aerosol,  this  volume 
being  irradiated  from  above  by  a  monochromatic  light  beam  of  intenaity  1. 


€ 


SSI 


=9  &v 


The  amount  of  light  scattered  into  a  cone  of  solid  angle  SSL  located  at  90 
degrees  by  a  single  particle  of  diameter  d  in  6V  is  proportional  to  I  and  to 


^oiie  particle  “  '  !•  SSi 
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The  constaAt  of  proportionality  (Tie  called  the  differential  scattering  croas* 
section.  Since  the  number  of  auch  partlclea  In  <S  V  is  C(d)  •  iV,  the  total 
light  scattered  by  particles  of  diameter  d  is: 

0-(d)  .  C{d)  •  1  .  iv  .  611 

The  light  scattered  by  all  particles  is 

=  I  •  hV  ‘  Jcr(d)  .  C(d)  <fd 

all  d 

This  integral  is  to  be  evaluated  under  various  conditions. 

Let  us  first  consider  C(d).  As  has  been  explained  in  Section  3, 1,  the 
particle  size  distribution  will  be  assumed  logarithmic  •  normal.  We  further 
assume  that  at  some  initial  time  t  =  0  the  concentration  la  uniform  through¬ 
out  the  chamber.  Thus: 


.  C(d,  t  =  0) 


N»  (d) 


where  V  is  the  volume  of  the  chamber. 

This  initial  concentration  may  be  modified  with  passing  time.  We  con¬ 
sider  two  idealized  modes  in  which  the  modification  may  come  about. 

First,  suppose  that  the  atmosphere  in  the  chamber  is  "tranquil",  i.e, , 
sufficiently  free  of  currants  so  that  ail  particles  settle  vertically  downward. 
In  this  rase  all  particles  of  diameter  d  will  fall  as  a  unit,  with  the  result 
that  after  time  t,  no  particles  of  size  d  (or  larger)  will  be  present  above  a 
certain  horizontal  plane.  This  plane  lies  a  distance  h  from  the  top  of  the 
chamber,  h  being  given  by; 

h  =  t  .  v(d)  =  t  . 

lari 
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where  v(<l)  la  the  Stokes'  settling  velocity  of  a  particle  of  diauoaeter  di  p  is 
the  particle  densityi  g  is  the  gravitational  constantt  and')')  is  the  air  vis¬ 
cosity.  The  concentration  as  a  function  of  time  is  therefore 


C(d,h.t)  =  / 


C(d,  t  =  0)  for  h.  >  t  •  v(d) 
0  for  h  <  t  •  v(d) 


that  is,  C{d,  t  »  0)  is  to  be  multiplied  by  a  function  which  has  value  1  for 

V/0|rt 


0  <  d<‘ 


and  value  zero  for  larger  d. 


Aa  an  alternate  mode  of  decay,  suppose  that  the  air  in  the  chamber  is 

so  turbulent  that  the  particles  move  in  an  essentially  random  manner.  For 

7  8 

this  case  it  has  been  stated  by  various  authors  '  that  concentration  re¬ 
mains  uniform  throughout  the  chamber,  but  that  after  time  t  the  number  of 
particles  of  size  d  is  reduced  by  the  factor 


where  H  is  the  total  height  of  the  chamber.  Thus 

C(d,t)  =  C(d,0)  •  e  “ 

The  remaining  factor  in  the  scattering  integral,  the  differential 

scattering  cross-section  d'(d),  is  in  general  a  very  complicated  function  of 

d  as  well  as  of  the  light  wavelength  and  the  index  of  refraction.  However, 

the  ratio  of  particle  diameter  to  light  wavelength  to  be  encountered  In  the 

present  experiment  is  probably  Large  enough  so  that  a  simple  approximation 

g 

from  classical  optics  may  suffice  .  This  approximation  is: 


a'{d) 


d‘ 
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The  light -aeatterlng  problem  thus  leads  to  the  two  integrals: 
For  the  tranquil  case: 


N1  SR 

V^/Wla  Og 


max 


In 

(TJr  ' 


S(lad) 


o 


v/iih  d 

max 


For  the  turbxUent  case: 


N1 

6Trv 


Y^ln  O-g 


Ve 


I* 


5(lnd) 


It  Is  to  be  noted  that  the  present  considerations  take  no  account  of 
agglomeration.  Another  Inadeqtuicy,  which  may  be  partially  corrected,  is 
that  the  turbulent  decay  expression; 


e 


t 


takes  into  account  only  "gravitational  impingement"  on  the  floor  and  neglects 
"inertial  impingement"  on  other  surfaces  of  the  chamber.  The  effect  of 
aerosol  decay  by  Inertial  impingement  may  be  seen  qualitatively  by  the 
following  considerations. 
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As  a  current  of  air  approachea  a  wall  it  is  turned  back,  with  an  atten¬ 
dant  centrifuging  action.  Thus,  the  particles  experience  an  equivalent 
gravitational  force,  and  inertial  Impingement  is  actually  quite  similar  to 
gravitational  impingement.  The  effect  on  the  decay  rate  is  to  add  an 
apparent  gravitational  constant  g'  to  the  g  which  appears  in  the  exponent  of 

e  ”  For  further  details  on  this  proce SB,  see  Reference  8, 

The  integral  for  the  tranquil  settling  case  may  be  solved  analytically. 
The  result  is: 


^  I,  11 


v{dj  •  t 


+  4  In^  0"g 


d  2,2  1nVg  .erf 
8  * 


v<d^)t 


where! 

,  j  2  In^  (T 

d,  =  dg  e  B 

is  the  surface  median  diameter.  This  function  is  linear  if  plotted  in  logarith 
mic -normal  form  with  log  t  ae  abscissa.  The  84,  50  and  16  percent  points 
come  at 


v(d^)  crg2  v{d^)  v(dg) 


respectively. 
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The  turbulent  settling  integral  may  be  coneldarad  qualitatively  by  cora- 
parlsou  to  the  tranquil  expression.  The  two  integrals  diifer  In  the  modu- 
laUng  factor  in  the  Integrand.  Where  the  tranquil  integrand  has  a  factor 
which  drops  from  1  to  0  sharply  at  -iL  _  turbulent  integrand 

has  a  factor  (e  ^  )  which  drops  from  1  to  0  gradually,  reaching  60.  6 

percent  (the  inflection  point)  at: 


Thus  If  N'(d)  changes  sufficiently  slowly  with  d  (the  aerosol  Is  sufficiently 
polydlsperee)  the  turbulent  settling  curve  should  be  very  similar  to  the 
tranquil  expression  if,  in  the  latter,  h  is  taken  equal  to  ^  . 

Aa  a  check  on  the  reasoning  of  the  above  paragraph,  the  turbulent 
settling  integral  was  submitted  to  the  computer  group  for  numerical 
gration.  A  few  curves,  thus  obtained,  are  shown  in  Figure  3. 1. 
with/?  in  gm/cm^,  d^  in  microns  and  t  in  minutes,  ia  used  as  the  variable. 
It  may  be  seen  that  the  plots  have  coneidcrable  curvature  for  small  values 

of  <r  ,  but  approach  linearity  for  larger  values.  The  dashed  line  in  Figure 
i 

3. 1  is  the  plot  of 

vid,) 

.-jT-  •  t 

e  I 

which  Is  the  solution  of  the  turbulent  settling  integral  at  0^  —el.  It  will  be 
noted  that  latter  nearly  coincides  with  the  curve  for  <r^  =  1.2.  All  the 
curves  of  Figure  3.  1  cross  50  percent  in  the  neighborhood  t  =  370, 

which  may  be  compared  with  the  value  286  obtained  from 

V  (dg)  •  t  -  h  ^  at  50% 


t 
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3.  3  Experimental  Work 

The  experimental  objectives,  somewhat  idealised,  of  this  program 
were  stated  earlier.  As  mentioned  before,  most  of  the  work  of  the  present 
quarter  was  carried  out  with  a  view  to  seeing  how  nearly  these  objectives 
could  be  accomplished  in  practice.  Other  areas  of  work  were  experimental 
techniques  and  determination  of  operating  parameters. 

Originally,  it  was  considered  desirable  to  restrict  the  scope  of  the 
experiment  to  the  stability  properties  of  aerosols;  that  is,  to  the  behavior 
of  aerosols  subsequent  to  formation.  This,  however,  requires  the  exis¬ 
tence  of  a  well-defined  initial  condition  of  the  aerosol,  a  situation  which  is 
difficult  to  achieve  in  practice.  Thus,  while  most  of  the  runs  to  be  dis¬ 
cussed  are  concerned  with  aerosol  decay  (for  which  runs  the  dispersing 
process  was  assumed  to  be  reasonably  efficient),  some  work  was  directed 
at  evaluation  of  dispersing  efficiency. 

The  powder  dispersing  system  was  described  in  an  earlier  report. 
Briefly,  it  consists  of  a  small  chamber,  containing  the  powder  sample, 
which  is  pressurized  with  dry  nitrogen  gas.  A  diaphragm  ruptures,  due 
either  to  the  pressure  differential  or  to  mechanical  puncturing,  suddenly 
releasing  the  pressure.  A  dispersing  action  is  attendant.  It  was  found  that 
a  2 -mil  film  of  "phenoxy  8"  plastic  made  a  suitable  diaphragm  material, 
rupturing  at  125  psi  in  our  configuration.  This  material  wae  used  almost 
exclusively. 

There  were,  broadly  speaking,  three  series  of  rune: 

1)  Runs  in  which  the  fan  was  not  used  at  all;  these  were  in¬ 
tended  for  the  study  of  the  dispersing  process. 

2)  Runs  for  which  the  fan  was  used  only  for  a  short  initial 
period,  intended  for  study  of  aerosol  behavior  under 
"tranquil"  conditions. 

3)  Runs  for  which  the  fan  was  left  on  throughout  the  entire 

run,  intended  for  study  of  aerosol  behavior  under  "turbulent" 
conditions . 
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It  was  found  that  stirring  (Series  (3)  above)  has  a  decided  regularizing 
influence  on  the  aerosol.  In  the  "Ian  on"  situation  the  two  light -scattering 
signals  were  brought  into  coincidence  almost  instantaneously  and  stayed  in 
coincidence,  both  decreasing  smoothly,  throughout  the  entire  run.  The 
Series  (2)  runs,  on  the  other  hand,  often  led  to  irregular  (nonmonotonic) 
decreasing  light  signals  subsequent  to  the  turning  off  of  the  fan.  The 
Series  (3)  runs  will  be  discussed  first. 


Representative  runs  from  Series  (3)  are  shown  plotted  in  logarithmic - 
normal  form  in  Figures  3.  2,  3.  3  and  3.  4,  Note  that  these  plots  are  at 
least  approximately  linear.  For  purposes  of  discussion,  we  identify  three 
abscissae,  t',  t*.  t",  on  this  line  (see  Figure  3.2).  These  are  the  inter¬ 
cepts  of  the  line  with  84,  50  and  15  percent  scattered  light  intensity,  re¬ 
spectively*. 


Table  3.  1  presents  a  summary  of  the  "fan  on"  runs.  Note  that  t"/t', 
which  according  to  Section  3,  2  measures  aerosol  dlspersity,  is  sensibly 
constant  for  a  given  powder  while  t*,  which  is  an  inverse  measure  of  the 
aerosol  mean  particle  diameter,  decreases  with  both  amount  of  powder 
dispersed  and  with  stirring.  It  may  also  be  significant  that  the  curves  for 
the  lower  fan  speeds  differ  more  from  linearity  than  the  other  figures. 
This  point  bears  further  checking. 


The  last  two  columns  of  the  table  show  values  of/?d  ‘‘  and  CJ“,  where 

3  ®  8 

/J  is  particle  density  in  gm/cm  ,  d^  Is  ths  surface  median  diameter  In 
microns  and  CT^  is  the  geometric  standard  deviation,  computed  from  t*  and 
l"/t'.  The  relations  used  are: 


y 


According  to  the  tranquil  eettllng  expression  of  Section  3.  2,  the  ratio 

which  measures  the  slope,  has  the  value  (Og)^.  This  should  remain 
approximately  true  for  turbulent  settling.  An  approximate  relation  for  t*, 
an  discussed  in  Section  3.  2,  is 


H  =  2  '  V  (d  )  t*  ;  /3d  =  286 
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The  values  of  /)d^,  especially,  may  be  viewed  with  suspicion  since  no 
effort  has  been  made  to  take  inertial  impingement  into  quantitative  account. 
Since  our  purpose  is  not  aerosol  assay  as  such,  we  do  not  intend  to  midce 
the  correction. 


Table  3.  1  Experimental  Data  for  "Fan  On"  Runs 


Powder 

Dispersed 

Fan 

Condition 

t* 

(min) 

t"/t' 

200  mg  talc 

Large  blade, 
line  voltage 

8.2 

17.  5 

45.  1 

2.04 

50  mg  talc 

Large  blade, 
line  voltage 

12.2 

21.  5 

30.3 

2.  15 

20  mg  talc 

Large  blade, 
line  voltage 

19.0 

20.  7 

19.  5 

2.  13 

30  mg  talc 

Large  blade, 
line  voltage 

10.0 

35.  3 

37.  0 

2.  44 

1  gram 
pwd.  milk 

Large  blade, 
line  voltage 

o:59 

28.6 

62.  7 

2.  31 

56  mg  talc 

Small  blade, 

50  volts 

20.5 

20.4 

13. 1 

2.  13 

56  mg  talc 

Small  blade, 

35  volts 

Id.O 

32.  8 

20.5 

2.  39 
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Other  "fan  on"  rune,  conducted  with  yet  a  different  powder,  turned  up 
an  appreciably  different  type  of  light-ecatterlng  signal.  The  powder  used 
hero  was  "K  ferric  oxide"*,  a  very  nearly  monodispersed  material  of  rea¬ 
sonably  spherical  particles.  Particle  diameter  la  approximately  Z  microns. 
For  this  powder  the  scattered  light  decreased  exponentially,  as  may  be 
seen  In  Figure  3.  5.  This  behavior  ie  in  accordance  with  the  hypothesis  of 
Section  i.Zp  Further,  the  experimental  decay  constant  0.035  compares 
favorably  with  the  expected  value  of 


v(d^) 


0.037  . 


With  regard  to  Figure  3.  5,  however,  a  question  may  be  raised  concerning 
the  larger  value  of  the  slope  during  the  first  5  or  10  mlnutas  of  each  run. 

It  Is  believed  that  there  are  several  possible  explanations  for  this  rather 
minor  deviation,  none  of  which  contradict  the  hypothesis  advanced  in  Sec¬ 
tion  3.  2. 

Interpretive  remarks,  in  teriua  of  the  relative  roles  played  by  agglo¬ 
meration  and  by  settling  on  surfaces,  must  remain  rather  hypothetical  at 
this  time.  It  has  been  stated  that  the  light -scattering  data  for  polydiaperse 
powders  are  fairly  well  represented  by  a  straight  line  on  a  logarithmic - 
normal  plot.  This  would  say  that  either  the  aerosols  observed  so  far  have 
log-normal  particle  distributions  and  decay  without  agglomeration  (as  in  the 
model  of  Section  3.  2),  or  that  agglomerative  effects  balance  out  the  devia¬ 
tions  from  log-normality.  It  is  also  conceivable  that  the  agglomeration  has 
the  simple  effect  of  tilting  or  displacing  the  line  on  the  log-normal  plot,  a 
behavior  which  was  indeed  observed.  On  the  other  hand,  the  line  position 


*K  ferric  oxide  was  at  one  time  produced  and  marketed  as  a  pigment  under 
the  trade  name  "KROX"  by  Minnesota  Mining  and  Manufacturing  Co. , 

St.  Paul,  Minnesota. 
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and  slope  may  also  depend  on  the  efficiency  of  the  diaperaing  process.  All 
these  possibilities  will  have  to  be  studied  further  before  more  definite 
statements  as  to  the  relative  roles  of  agglomeration  and  settling  may  be 
made, 

Several  runs  have  been  made  under  '^tranquil"  conditions  (Series  (2) 
above).  In  view  of  the  sometimes  very  erratic  behavior  of  these  aerosols, 
it  would  be  misleading  to  list  quantitative  results;  rather,  some  significant 
qualitative  statements  may  be  advanced. 

The  "tranquil"  decay  runs  were  made  with  the  fan  in  operation  from 
several  minutes  before  to  a  few  minutes  (usually  3  or  5)  after  the  firing  of 
the  powder  charge.  In  general,  the  behavior  was  that  the  two  light  signals 
were  equal  and  decreased  smoothly  until  the  fan  was  shut  off.  At  this  point 
the  rate  of  decrease  of  scattered  light  changed  markedly  to  smaller  values 
and  the  two  signals  became  unequal  (the  lower  usually,  but  not  always,  ex¬ 
ceeding  the  upper),  both  decreasing  in  a  nonmonotonic  way.  Signal  excur¬ 
sions  of  20  to  30  percent  above  and  below  the  median  line,  lasting  several 
minutes,  were  common. 

The  implication  of  the  erratic  behavior  is  clear;  "clouds"  form  In  the 
aerosol  and  drift  at  random  through  the  light-scattering  area.  The  signi¬ 
ficant  point  Is  that  these  clouds  form  spontaneously,  since  the  light  signals 
decrease  smoothly  during  the  time  the  fan  is  on,  indicating  a  uniform  con¬ 
centration  throughout  the  chamber.  These  effects  W(^je  particularly  severe 
for  the  larger  powder  charges  (above  100  ^^re  may  be  a  "threshold 

concentration",  above  which  an  aerosol  Is  unstable  and  tends  to  form  clouds. 

One  may  speculate  as  to  the  mechanism  of  formation  of  the  clouds. 
Perhaps  in  the  absence  of  stirring,  soft  eddy  currents,  which  tend  to  trap 
aerosol  particles,  are  set  up  by  convection  effects.  Another  possibility  is 
that  a  highly  charged  particle  attracts  others  which,  however,  do  not 
actually  collapse  on  this  nucleus  to  form  an  agglomerate. 
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Another  significant  result  of  the  "tranqtill"  runs  is  the  lack  of  separa¬ 
tion  of  the  two  light  signals.  According  to  Section  3.  2  the  lower  signal 
should  lag  the  upper  by  a  factor  of  two  in  time.  This  was  not  observed, 
although  in  most  cases  the  aerosols  ‘'tried"  to  follow  the  rule  for  the  first 
half  hour  or  so.  Evidently  there  exist  convection  currents  in  the  chamber 
which  Impose  a  turbulent  condition  on  the  aerosol,  at  least  late  in  the  life 
of  the  aerosol  when  the  larger  particles  have  settled  out. 

Finally,  some  remarks  on  the  dispersing  system  are  in  order.  A 
general  feature  of  all  runs  to  date  has  been  the  presence  of  a  "spike"  on  the 
light -scattering  record  at  the  instant  of  firing.  These  spikes*  which  varied 
from  2  to  4  times  the  equilibrium  value  at  t  =  0,  were  at  first  considered 
unimportant,  arising  perhaps  from  the  mechanical  shock  of  firing.  During 
the  course  of  the  work,  however,  the  speculation  arose  that  spikes  were 
due  to  a  dense  cloud  passing  the  light -scattering  region  at  high  velocity. 
These  high  velocities,  if  present,  are  undesirable  since  it  is  likely  that  the 
powder  is  carried  across  the  chamber  and  impacted  on  the  floor  opposite 
the  dispersing  gun. 

Several  rune  were  made  without  the  fan  (Series  (1)  above),  incorporating 
various  nozzles  and  other  devices  in  an  effort  to  slow  down  the  dispersing 
gas  stream.  These  runs  generally  tended  to  confirm  the  suspicion  of  a 
high  velocity  cloud  since  the  relative  amplitudes  of  the  signals  indicated 
that  the  aerosol  was  at  first  concentrated  near  the  bottom  of  the  chamber 
and  "billowed  up"  from  there  during  the  course  of  the  next  half  hour.  None 
of  the  measures  tried  gave  a  really  satisfactory  improvement  of  the  situa¬ 
tion. 


*Thi8  behavior  has  been  noticed  in  connection  with  other  instruments  -  aoe 
Final  Report,  Vol.  4,  Material  Evaluation,  GMI  Contract  No.  DA-13-064- 
CM-2336,  p.  26. 
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3.4  ConclttSlone  and  Plane  for  Immediate  Future  Work 

The  work  accomplished  thus  far  has  served  to  establish  operating  con¬ 
ditions  and  to  test  our  understanding  of  the  aerosol  decay  process.  In  re¬ 
gard  to  the  latter,  it  has  been  seen  that  the  theoretical  expressions  set 
down  in  Section  3.2  have  a  considerable  degree  of  validity,  and  they  have 
been  found  very  useful  in  interpreting  the  light-scattering  data.  Their  use¬ 
fulness  would,  however,  be  enhanced  if  the  effect  of  agglomeration  in  the 
aerosol  decay  were  known.  Efforts  will  be  made  to  take  account,  at  leaet 
qualitatively,  of  agglomeration. 

The  work  of  the  past  quarter  has  also  turned  up  some  unexpected  poss¬ 
ibilities.  For  example  the  "jitter"  or  "noise"  on  the  fan-on  traces  appears 
to  depend  on  the  type  of  powder  dispersed  and  in  any  case  seems  too  large 
to  be  accounted  for  by  electronic  noiee.  Thus,  the  possibility  arises  that 
statistical  fluctuations  in  the  number  of  particles  involved  in  scattering  are 
being  observed.  It  is  conceivable  that  sUtietical  methods  may  be  applied 
to  extract  certain  Information  from  the  "jitter"  values,  namely,  actual 
numbers  of  particle#  involved  In  scattering.  This  possibility  will  be  ca- 
plored  during  the  next  quarter. 

The  experimental  program  of  the  next  quarter  will  also  be  concerned 
with  systematic  studies  of  humidity  effects  in  aerosol  decay.  As  a  first 
step  several  runs  are  planned  under  the  two  extreme  humidity  conditions, 
both  of  which  ghouid  be  relatively  easy  to  establish.  In  these  runs,  as  in 
others  planned,  we  shall  generally  use  stirring  throughout  the  run,  with  the 
fan  operating  at  speed  sufficient  to  overcome  convection  currants  . 

The  powder  dispersing  system  will  be  kept  under  review.  While  this 
system  does  not  work  as  planned,  it  is  probably  satisfactory  for  dispersing 
small  charges  of  powder. 


*The  same  procedure  was  adopted  by  Tanner  etal. ,  Biological  Laboratories 
Interim  Report  36,  "Design,  Construction  and  Operation  Aerophilo- 

rr.ater"  Special  Operations  Division,  Camp  Detrick.  June  1953,  p,  o. 
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4.  VIABILITY  STUDIES 

4.  1  Presence  of  Bg  Contaminants  in  Sm  Powder 

The  resTilts  of  severa.!  triele  designed  to  measure  the  degree  of  heat 
inactivation  of  Stw  powder  aerosols  were  invariably  heavily  contaminated 
with  colonies.  Careful  examination  of  our  equipment  and  techniques 
elimiiuiied  these  sources  as  potential  causes.  Hypothetical  reasoning  led 
to  the  conclusion,  that  the  Sm  powder  itself  contained  ^  contaminants  In  the 
ratio  of  1:10^  to  This  level  of  contamination  would  not  be  evident 

during  routine  platings  of  the  Sm  powder  which  had  a  viable  count  of 
1  X  lO^^/gm.  When  dilutions  were  made  of  this  powder  to  yield  countable 
plates  (30  to  300  colonies),  the  plates  would  show  only  pure  cultures  of 
Sm.  On  the  other  hand,  analyses  of  samples  in  which  99.  9999%  of  the 
vegetative  Sm  was  destroyed  by  heat  would  yield  plates  in  which  pre» 
dominated. 

This  hypothesis  was  verlilsd  by  preparing  a  liquid  suspension  of  Sm 
powder  in  tryptose-phcisphaLa  brulh  which  was  immersed  in  a  water  bath  at 
75* C.  Aliquots  ware  removed  at  5-minute  intervals  and  plated  in  the  appro¬ 
priate  dilutions  to  yield  countable  plates.  The  results  showed  a  steady 
diminution  in  Sm  counts  relative  to  exposure  intensity,  and  a  constant  level 
of  "contamination".  At  the  end  of  30  minutes  the  predominant  organism 
on  the  plate  was  5S- 

This  observation  is  significant  only  when  considering  circumstances 
where  a  given  treatment  would  have  different  influences  on  vegetative  cells 
compared  to  spores. 

4.  ?.  Effect  of  Agitation  and  Compaction  on  Viability  of  Sm  Powder 

A  series  of  trials  were  performed  to  determine  the  effect  of  compac¬ 
tion  on  Sm  powder  viability,  with  and  without  the  addition  of  Cab-O-Sil. 

The  additive  was  incorporated  into  the  powder  cither  by  mechanical  stirring 
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or  in  a  fluid  energy  mill.  Immediately  after  compaction,  plate  counts  were 
run  both  on  the  original  bulk  samples  and  on  pellets  disintegrated  in  a 
tissue  homogenizer.  These  reaiilts  are  shown  in  Table  4.  1. 


Table  4.  1  Effect  of  Agitation  and  Compaction 
upon  Viable  Count  of  Sm  Powders 


Agitation 

Additive 

Viable  Count/gram  x  10^*^ 

Bulk  Compacted  Pellet 

Powder  Pellet  Density 

Untreated 

none 

4. 11 

2.  84 

0.617 

Mechanical  Stirring 

none 

3.  01 

2.  15 

0.624 

1%  Cab-O-Sil 

2.72 

2.69 

0.  629 

Fluid  Energy  Mill 

none 

3. 13 

3.39 

0.  625 

1%  Cab-O-SU 

3.  07 

2.  68 

0.  616 

It  is  evident  that  neither  coating  with  Cab-O-Sil  nor  compaction  to  0.62 
grams  per  cc  density  had  any  significant  or  deleterious  immediate  effects 
on  Sm  viability. 
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5.  dissemination  and  deagglomeration  studies 
5. 1  General 

During  this  period  major  erophasie  wa.  placed  on  wind  tunnel  experi¬ 
ments  at  Fort  Detrick  employing  the  40-foot  diameter  test  sphere.  The 
objective  of  this  program  was  to  evaluate  the  General  Mills  GMI-3  fixture 
with  Sm  and  P.  tularensis.  under  environmental  operational  conditions 
which  simulate  actual  operation  of  the  prototype  unit  for  dissemination  of 
dry  BW  agents.  In  the  evaluation  such  parameters  as  recovery  factor, 
source  strength,  decay  rate.  VMMD.  slopes  with  95  percent  confidence 
limits.  LDgg.  probit  slope  and  its  95  percent  confidence  limits  will  be 
determined.  The  Sm  test  series  was  conducted  on  April  4,  6.  6  and  9. 

1962,  while  the  P,  tuUrensis  series  was  conducted  on  May  4,  7.  8.  9.  10 
and  11.  1962*. 

In  preparation  for  the  above  activity,  effort  was  also  devoted  during 
the  period  to  developing  the  test  fixture  in  our  laboratory. 

5.2  ^-..,,..,.40..  General  Mills.  Inc.  Test  Fixture  Disseminating 

5ry  Sm  and  Dried  Pasteureiia  Tuiarens^ 

At  the  present  time  statistical  analyses  of  the  retuUs  of  the  Fort 
Detrick  test  program  are  not  available.  However,  the  procedure  and 
general  results  will  be  given  In  this  report. 

The  over -all  program  was  designed  to  test  six  operational  treatments 
with  dried  Sm  and  dried  P.  tularensis.  These  Included  the  two  wind  tunnel 
Mach  numbers.  0.5  and  0.8.  and  three  bulk  densities:  normal,  approxi¬ 
mately  0.43gram8per  cc  and  0.53gramB  per  cc.  In  the  Sm  test  four 


*  Technical  Evaluation  Divl^T^  Test  No.  62-TE-l602(  MD  Division  No. 
1927. 
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replicates  were  obtained  per  treatment,  while  la  the  P.  tnlareneia  series 
six  replicates  were  determined  per  treatment.  In  all  of  the  tests,  each 
treatment  was  run  Saily. 

Apparatus  for  these  tests  included,  in  addition  to  the  GMl-3  fixture, 
related  equipment  used  for  compacting  powders  to  the  required  bulk  densi¬ 
ties  and  mechanically  breaking  down  the  resulting  slugs  into  fine  agglomer¬ 
ates  on  the  order  of  2000  microns  and  lees  and  basic  particles.  Approxi¬ 
mately  0.  8  grams  of  these  samples  were  placed  in  the  QMI-3  fixture  and 

disseminated  at  a  feed  rata  of  30  Ib/min.  These  apparatus  are  further 

-10 

discussed  in  our  previous  report  . 

A  blowdown  wind  tunnel  and  auxiliary  equipment  such  as  air  storage 
tanks  and  pumps  were  erected  for  these  experiments  adjacent  to  the  test 
sphere.  The  test  section  into  which  the  organisms  were  diasemlnated, 
shown  in  Figure  5. 1,  has  a  2-lnch  by  4.1/2-inch  cross-section.  Actual 
ejection  of  the  material  into  the  air  stream  was  achieved  during  a  four- 
millisecond  period. 

Environmental  conditions  inside  the  sphere  during  these  tests  were 
maintained  at  75  degrees  Fahrenheit  temperature,  essentially  atmospheric 
pressure  and  35  percent  relative  humidity. 

Samples  of  the  generated  aerosol#  were  obtained  with  ABP-30  samplers 
filled  with  20  milliliters  of  tryptose  saline  during  Sm  trials  and  20  milli¬ 
liter  a  of  gelatine  peptone  phosphate  during  P.  turlarensis  runs.  One 
minute  samples  were  taken  at  the  midpoints  of  4,  18,  and  32-ininute  time 
periods  at  a  flow  rate  of  12.  5  liters  per  minute.  Four  eampllng  stations 
were  operated  concurrently. 

Single  stage  impactors  (SSIs)  with  cutoffs  of  3,  5,  7,  and  9  microns 
and  a  GP-20  total  collector  were  used  with  25  milliliters  of  sampling  fluid. 
This  group  of  samplers  were  operated  only  at  the  4-minute  time  period. 


All -glass  impinger  preceded  by  a  British  pre-lmpinger. 
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The  four  ABP-30  samples  taken  during  each  time  interval  were  pooled 
while  the  SSIs  and  GP-20g  wore  assayed  separately. 

In  the  original  P.  turlarensia  teet  program.  It  was  planned  that  eight 
Hartley  strain  guinea  pigs  In  the  weight  range.  250  to  370  grams,  would  be 
exposed  at  each  of  three  time  periods  for  each  trial  after  the  first  day. 
However,  because  of  the  high  recovery  factors  during  the  initial  experi¬ 
ments.  a  new  teat  plan  for  the  animals  was  required.  As  a  result  they  were 
only  exposed  on  the  final  three  days. 

5,  3  Preliminary  Results 

5,  3. 1  Sm  Testa 

In  addition  to  determining  the  viability  of  generated  aerosols  in  the 
sphere,  control  samples  of  the  normal  and  compacted  materials  were  taken 
and  assayed.  By  this  method  data  were  obtained  on  the  effects  of  two  fac¬ 
tors  which  enter  into  this  evaluation  program,  1)  the  compaction  of  the 
particulate  material  to  densities  up  to  0.  53  grams  per  cc.  and  2)  the  aero¬ 
dynamic  breakup  process  during  dissemination.  Each  factor  can  bo  analysed 
separately  or  the  two  can  bo  combined  to  demonstrate  the  over-all  perfor¬ 
mance  for  any  one  treatment. 

In  studying  the  mean  values  of  the  control  counts,  there  appears  to  be 
little,  if  any.  effect  on  viability  due  to  compaction  of  Count  values 

ranging  from  123.98  x  10^  to  127.  35  x  10^  organisms  per  gram  were  ob¬ 
tained  at  bulk  densities  0.53  grama  per  cc  and  0,  43  grams  per  cc.  respec- 
lively.  At  normal  bulk  density  a  value  between  these  was  obtained. 

Mean  values  of  the  recovery  factore  at  the  4-minute  time  period  varied 
randomly  in  a  range  from  2.  52  to  3. 36  percent  for  the  six  treatments, 
while  for  the  AP  #10  fixture  the  value  was  3.  50  percent.  At  the  two  Wind 
tunnel  Mach  numbers  studied,  there  appears  to  be  litUe  difference  in  the 
viability  of  the  generated  aerosol. 
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At  first  glance  these  recovery  factors  may  be  deceivliig  and  therefore 
may  appear  quite  low.  Thus,  it  is  necessary  to  explain  that  the  recovery 
factor  is  directly  proportional  to  the  quantity  of  fill  which  has  a  particle 
size  less  than  5  microns.  In  this  case  the  particle  size  distribution,  baaed 
on  a  Whitby  centrifuge  analysie,  showed  that  only  6.  5  percent  by  mass  of  the 
material  consisted  of  particles  less  than  3  microns  in  size.  In  addition, 
the  mass  median  diameter  and  geometric  standard  deviation  of  the  material 
was  16.6  microns  and  1.95,  respectively. 


5.  3.  2  P.  Tularensis  Testa 


Preliminary  data  similar  to  that  presented  above  are  also  available  for 
the  trials  with  P.  tularensis.  In  the  case  of  the  control  samples,  the  mean 
values  at  each  bulk  density,  based  on  five  replicates,  range  from  13.52  x  10 
to  20. 11  X  10^^  organisms  per  gram  for  bulk  densities  ranging  from  the 
normal  condition  to  0.  53  grams  per  cc,  respectively.  The  results  show  an 
increase  in  organism  count  with  increase  in  compaction,  an  effect  which  is 
unexplained  at  this  time. 

Mean  recovery  factors  for  this  series  of  tests  based  on  six  replicates 
range  from  28.  39  to  35. 77  percent.  There  ie  an  indication  that  recovery 
decreases  at  the  higher  bulk  density  due  to  aerodynamic  breakup;  however, 
for  the  combined  effects  of  compaction  and  breakup,  increasing  recovery 
factors  were  obtained  with  increasing  bulk  density.  Again  in  this  case, 
wind  tunnel  Mach  number  appears  to  have  no  relative  effect  on  recovery. 

The  mean,  recovery  factor  obtained  with  the  AP  #10  reference  fixture 
was  28.  44  percent. 

The  maas  median  diameter  of  the  sample  material  was  4.  3  microna 
while  the  geometric  standard  deviation  was  1. 38.  Approximately  70  per¬ 
cent  by  mass  of  the  material  was  less  than  5  microns  in  size. 
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In  epite  of  the  fact  that  the  particle  siae  distribution  was  fairly  fine, 
ths  recovery  factor  obtained  In  these  tests  is  considered  to  be  quite  high 
and  exceeded  our  expectations. 


A  more  complete  presentation  of  the  results  from  both  the  S»  and  R, 
tuUreneis  testa  will  be  made  at  a  later  date  when  the  complete  statistical 
analyses  have  been  finished.  At  that  time  it  should  be  possible  to  make 
definite  conclusions  as  to  the  operational  character!  Stic  a  and  effectiveness 
of  the  GMI-3  fixture  and  wind  tunnel  combination. 
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6.  CONTINUATION  OF  EXPERIMENTS  WITH  THE  FULL-SCALE  FEEDER 

FOR  COMPACTED  DRY  AGENT  SIMULANT  MATERIALS 

6.  1  Introduction 

Experimenta.1  work  with  the  full-scale  feeder  continued  during  this  re¬ 
porting  period.  The  information  obtained  substantiates  previously  reported 
conclusions  that  the  design  concept  under  study  is  quite  feasible.  Perfor¬ 
mance  was  evaluated  at  powder  flow  rates  ranging  from  20  Ib/min  up  to  49 
Ib/min.  Air  flow  rates  from  three  to  nine  scfm  were  investigated.  Parti¬ 
cular  attention  was  devoted  to  performance  during  the  starting  period  and 
various  operating  procedures  were  tried  in  an  effort  to  minimize  the  delay 
in  reaching  full  feeding  rates. 

In  general,  the  procedures  employed  in  conducting  these  test  runs  are 

L  2» 

the  same  as  described  in  the  Seventh  Quarterly  Progress  Report  .  A  few 
modifications  were  made  to  the  unit  and  an  Improved  arrangement  for  col¬ 
lecting  the  discharged  material  was  devised. 

5.  2  Equipment  Modifications 

The  original  plan  was  to  try  three  diameters  for  the  discharge  opening  - 
0.  375,  0.  500  and  0.  750  Inches.  The  smallest  diameter  of  0.  375  inch  was 
soon  determined  to  be  too  small.  The  0.500  and  0,750  diameters  were 
both  satisfactory  but  it  was  found  that  the  gas  pressure  within  the  unit  using 
the  0.750  diameter  opening  was  signiRcantly  lower.  Consequently,  a  deci¬ 
sion  was  made  to  use  the  latter  opening  in  all  of  the  teat  runs  being  reported 
herein  and  to  tentatively  establish  this  diameter  as  the  one  to  use  in  the 
airborne  disseminator. 

13  . 

For  the  tests  reported  in  the  Seventh  Quarterly  Progress  Report  the 
motivating  gas  was  admitted  directly  Into  the  disaggregator  section  of  the 
unit  through  a  hole  near  the  top  of  the  cylinder,  For  the  testa  reported 
herein,  the  unit  was  modified  In  that  an  aerating  ring  was  installed  in  the 
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center  of  the  cylinder  as  shown  in  Figure  6. 1.  This  ring  contains  32  oriflt 
each  0.  040  inch  in  dlanneter  which  are  positioned  uniformly  around  the  ring 
on  both  Sides.  Four  additional  orifii  are  mounted  1.  75  Inches  directly  above 
the  powder  discharge  opening.  The  objective  in  using  the  aerating  ring  is  to 
obtain  better  mixing  of  gas  and  powder.  To  accommodate  this  aerating  ring 
it  was  necessary  to  remove  the  wire  wall  scrapers  and  the  6»inch  baffles 
which  were  mounted  between  the  diaaggregator  disks.  The  scrapers  were 
eliminated  but  the  four  long  baffles  were  replaced  by  eight  1.  25  x  2-inch 
baffles,  four  being  mounted  on  each  disk. 

The  initial  arrangement  for  collecting  powder  for  weighing  was  to  use 
a  short  length  (approximately  24  inches)  of  1.25-lnch  inside  diameter  tubing 
between  the  discharge  on  the  unit  and  the  top  of  the  50-galloa  drum.  The 
top  of  the  drum  was  covered  with  a  sheet  of  muslin  to  allow  the  gas  to  pass 
out  of  the  drum  without  carrying  out  the  powder.  Since  this  technique  could 
conceivably  affect  the  powder  flow  at  the  point  of  discharge  from  the  dis¬ 
seminator,  a  new  technique  was  devised  in  which  the  tubing  was  omitted 
and  the  powder  allowed  to  flow  directly  into  a  stand  pipe  six  inches  in  di¬ 
ameter  mounted  on  the  collection  drum  as  shown  in  Figure  6.  2.  The  end  of 
the  stand  pipe  is  placed  four  inches  below  the  discharge  tube  on  the  dieaemi- 
nator.  The  cover  of  the  drum  is  well  ventilated  by  many  holes  and  the  muslin 
filter  cloth  is  placed  on  top  of  this  cover,  A  chamber  is  formed  above  the 
cover  by  means  of  plastic  sheeting  so  that  the  gas  can  be  withdrawn  from 
between  the  plastic  and  the  filter  cloth  using  a  vacuum  cleaner,  With  this 
technique  the  powder  has  been  obaerved  to  flow  freely  into  the  collection 
drum  in  a  well-defined  stream  or  jet. 

6.  3  Test  Reaulte 

The  results  obtained  with  the  full-scale  feeder  during  this  reporting 
period  are  summarized  below.  This  summary  is  followed  by  a  more  detailed 
discussion  of  the  data. 
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Gas  +  Powder  Out 


Figure  6.  1  Aerating  Ring  Installed  in  Center  Section 
of  Full-Scale  Experimental  Feeder 
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Figure  6.  2 
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Arrangement  for  Collecting  Powder  without  Direct 
Connection  between  Collection  Drum  and  Discharge  Tube 
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1)  A  total  qoantity  o£  approximately  600  ^unda  of 
successfully  loaded  into  and  discharged  from  the  feeder 
under  a  variety  of  operation  conditions. 

2)  The  torque  and  power  required  to  drive  the  fe^r  wore 
found  to  be  well  within  the  Initial  objectives.  The  torque 
was  usually  less  than  100  ft-lbs  and  the  power  less  than 
0.  5  hp. 

3)  A  discharge  opening  of  0.  75  inch  in  diameter  gives  good 
performance  over  the  feed  rates  investigated, 

4)  Powder  was  discharged  successfully  with  gas  flow  rates 
ranging  from  three  to  nine  ocfm. 

5)  A  gas  flow  rate  of  at  least  six  scfm  was  found  to  be  neces¬ 
sary  in  order  to  minimize  the  delay  in  attaining  full  powder 
discharge  rate, 

6)  The  delay  in  attaining  full  powder  discharge  rate  was  also 
minimized  by  pre-preesuriaing;  i.e.,  the  operating  P'**" 
sure  was  established  in  the  cylinder  before  starting  to  feed 

powder. 

7)  The  gas  requirements  were  found  to  be  compatible  with  the 
space  which  mil  be  available  for  storing  gas  wahin  the  air- 
borne  disseminator. 

8)  No  significant  difference  in  performance  was 
operation  where  the  gas  flow  was  started  before 
powder  as  compared  with  operation  where  gas  and  powder 
were  started  simultaneously. 

9)  The  feeder  operated  satisfactorily  for  powder  flow  rates 
ranging  from  20  to  491b/min, 

10)  The  gas  pressure  measured  within  the  cylinder  was  found 
to  vary  from  approximately  0.  3  to  1.1  psig  depending  upon 
the  powder  and  gas  flow  rates  used. 

The  experimenUl  feeder  was  operated  successfully  under  various  con¬ 
ditions  of  powder  and  gas  flow  rates.  The  range  of  operating  conditions 
covered  is  shown  In  Figure  6.  3  by  plotting  each  run  as  a  point  on  a  family 
of  curve,  showing  air -to-powder  ratio,  (by  weight)  for  various  powder  and 
gas  flow  rates.  The  highest  powder  feed  rate  obtained  was  49  Ib/min. 
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6,  3  Alr-to-Powder  Ratios  for  Various  Feeder  Operating  Conditions 
(actual  test  runs  with  talc  are  plotted) 
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TMa  is  aot  the  maxirnum  capacity  of  the  feeder  but  it  is  the  highest  rate 
attainable  with  the  present  variable  speed  drive  whan  the  feeder  is  loaded 
with  material  at  a  density  of  approximately  0.  48  g/cc.  Operation  up  to 
rates  aa  high  as  60  Ib/min  are  planned  by  compacting  to  higher  deneity 
during  loading. 

Typical  powder  flow  rate  curves  are  presented  in  Figure  6.  4.  The 
plotted  data  were  obtained  by  recording  the  time  at  which  a  certain  amount 
of  powder  had  accumulated  in  the  collection  drum.  In  moat  cases  time  was 
noted  for  each  5-lb  Increment.  The  curves  were  selected  from  many  such 
curves  which  have  been  drawn  to  illustrate  typical  performance  for  a 
variety  of  operating  conditions.  The  data  for  any  given  run  produce  a  well- 
defined  straight  line  indicating  that  the  flow  from  the  feeder  is  very  uniform. 

The  driving  torque  and  speed  were  observed  for  all  test  runs  so  that  the 
input  power  requirement  could  be  determined.  The  torque  was  obaarved  to 
vary  over  a  range  from  IS  to  100  ft-lb  with  one  exception  where  the  torque 
rose  to  240  ft-ib.  This  excessive  torque  prompted  an  investigation  which 
revealed  that  the  thread  clcan-out  feature  which  removes  powder  from  the 
feed  screw  was  plugged.  This  deficiency  was  corrected  and  there  was  no 
re-occurrence  of  an  excessively  high  torque  value. 

The  maximum  driving  speed  used  on  any  test  was  24  rpm.  The  horse¬ 
power  requirement  based  upon  24  rpm  and  100  ft»lb  is  0,46  hp. 

One  series  of  test  runs  was  conducted  using  nitrogen  rather  than  air  as 
the  motivating  gae.  As  was  expected,  there  was  no  observable  difference 
in  performance  of  the  feeder  when  using  nitrogen  as  compared  to  air. 

The  curves  in  Figure  6.  3  can  be  used  to  show  how  the  motivating  gae 
flow  employed  in  laboratory  teste  compares  with  the  allowable  How  when  the 
gas  supply  is  limited  as  it  will  be  in  the  airborne  disseminator.  The  design 
study  has  shown  that  it  will  be  feasible  to  carry  a  gas  storage  bottle  capable 
of  supplying  113  standard  cubic  foot  of  nitrogen.  When  based  on  the  maxi¬ 
mum  payload  capacity  of  350  Ib,  this  gives  a  ratio  of  2.  75  percent  by  weight 
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of  aitrogen -to -Agent  payload.  The  horizontal  daahed  line  in  Figure  6.  3  for 
thii  ratio  is  well  above  the  conditions  at  which  the  feeder  has  been  deroon- 
atrated  to  operate  satiafactorily. 

The  gas  ia  used  moat  efficiently  when  the  gas  flow  rate  la  reduced  aa 
the  powder  feed  rate  ia  decreased.  However,  it  ia  possible  to  operate  the 
feeder  over  a  wide  range  of  powder  flow  rates  with  a  Hxed  gas  flow  rate 
without  exceeding  the  2.  75  percent  ratio.  For  example,  if  the  gas  flow 
were  set  at  six  scfm  the  powder  feed  could  range  from  17  Ib/min  up  to  50 
Ib/mln  or  more.  In  order  to  stay  within  allowable  limits,  the  gas  flow  rats 
must  ba  quite  low  when  the  powder  feed  rate  reaches  10  lb /min.  Antlcipa- 
ting  a  problam,  the  feeder  performance  was  tested  at  the  low  gas  flow 
rates. 

In  switching  to  the  lower  gas  flow  rates  (three  and  four  scfm)  it  was 
observed  that  there  waa  a  delay  in  reaching  the  full  powder  flow  rate  at 
which  the  unit  wae  being  operated.  To  obtain  a  measure  of  this  delay,  the 
flow  rata  curve  is  drawn  as  a  straight  line  extended  back  to  Intersect  the 
time-axis  as  shown  in  Figures  6.4  and  6.5  where  time  is  measured  from 
the  instant  at  which  the  unit  is  started.  It  is  desirable  to  obtain  perfor¬ 
mance  such  that  full  flow  rata  is  established  In  the  shortest  possible  time. 

Up  to  this  point  the  operating  procedure  was  to  establish  the  desired 
gas  flow  before  starting  the  drive  system  which  feeds  the  powder,  When 
operating  in  this  manner  the  pressure  within  the  feeder  is  essentially  equal 
to  atmospheric  pressure  before  the  powder  starts  feeding.  When  feeding 
starts  the  pressure  increases  to  a  value  which  depends  upon  both  the  pow¬ 
der  flow  rate  and  the  gas  flow  rate.  If  the  approximate  operating  pressure 
exists  in  the  cylinder  before  starting  the  powder  feeding,  the  delay  in  reach¬ 
ing  full  powder  flow  rate  should  be  a  minimum.  Therefore,  testa  were 
made  in  which  this  internal  pressure  was  established  prior  to  feeding  pow¬ 
der  by  restricting  the  air  flow  just  below  the  discharge  opening  of  the  feeder. 
The  restriction  was  removed  at  the  same  time  that  the  powder  feeding  drive 
waa  turned  on. 
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The  pre>preasurizing  technique  proved  effective  as  shown  in  Figure 
6.  3.  These  flow  rata  curves  were  obtained  with  four  scfm  air  flow  and  43 
Ib/min  powder  flow  for  both  cases.  The  vertical  separation  of  the  two 
curves  represents  approximately  five  pounds  of  material.  This  Indicates 
that  without  pre -pressurizing  about  five  pounds  more  talc  was  stored  in  the 
disaggregator  section  of  the  feeder  during  the  initial  seven  or  eight  seconds 
of  operation  for  the  test  where  pre -pressurizing  was  not  used. 

When  operating  the  feeder  for  a  aeries  of  runs  in  which  the  sams  pow¬ 
der  feed  rate  was  used  for  each  run  while  the  gas  flow  rate  was  varied*  it 
was  observed  that  the  delay  In  attaining  full  powder  flow  rate,  as  deter¬ 
mined  from  plotted  flow  rate  curvet,  tends  to  be  longer  for  the  low  gas 
flow  rates  than  for  the  high.  During  these  runs  the  following  data  were 
obtained  1 

1)  Tima  from  starting  feeder  drive  to  the  instant  when  powder 
began  to  flow  from  discharge  opening. 

2)  Time  from  stopping  feeder  drive  to  termination  of  powder 
flow. 

3)  Amount  of  powder  discharged  after  feeder  drive  was 
stopped. 

The  resulta  of  these  observations  are  presented  in  Figures  6,  6  and  6.  7 
only  to  illustrate  trends  in  performance  characteristics;  the  amount  of  data 
involved  Is  insufficient  to  justify  using  these  curves  to  obtain  lag -times  or 
post  powder-flow  quantities  for  application  in  any  related  studies. 

The  time-lag  data  are  presented InFlgure  6.6.  The  lower  curve  shows 
liow  the  observed  time  from  etart  of  feeder  to  start  of  powder  flow  was  al¬ 
most  independent  of  the  rate  of  gas  flow  used.  The  delay  was  approximately 
one  second.  The  delay  in  stopping,  however.  Increased  significantly  as  the 
gas  flow  decreased  below  five  scfm.  The  delay  observed  for  eight  teftn  wa" 
approximately  2.  25  seconds.  It  increased  slightly  to  approximately  2,  75 
seconds  at  five  scfm,  but  rose  sharply  to  about  eight  seconds  at  three  scfm. 
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Figure  6,  7  Powder  Flow  After  Stopping  Feeder  Drive 
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Figure  6.  7  shows  the  amount  o£  powder  collected  after  stopping  the 
feeder  as  measured  for  various  gas  flow  rates.  The  curve  shows  that  the 
air  flow  rate  must  be  above  five  scfm  11  the  amount  of  powder  is  to  be 
minimized. 

Another  factor  udiich  could  conceivably  Influence  the  Initial  delay  Is  the 
relative  timing  of  the  start  of  gas  and  powder  flow.  This  aspect  of  the 
problem  was  studied  by  making  two  types  of  runsi  the  first  with  the  gas 
flow  established  prior  to  feeding  powder,  and  the  second  with  gas  and  pow» 
der  flow  started  simultaneously.  Data  from  both  types  of  runs  were  used 
in  plotting  the  curves  in  Figures  6.  6  and  6.  7.  The  data  show  that  there  was 
no  significant  difference  in  performance  for  the  two  methoda  of  operation. 
This  was  also  true  when  performance  was  evaluated  on  the  baeia  of  flow 
rate  curves  drawn  for,  the  runs. 

6.  4  Plans  for  Future  Work 

All  of  the  experimental  feeding  experiments  with  the  full-scale  unit 
have  been  conducted  with  talc  compacted  to  a  density  of  approximately  0.  45 
g/cc.  A  hydraulic  press  is  now  being  fabricated  which  will  make  it  posai« 
ble  to  compact  to  higher  densities  when  filling  the  feeder.  Tests  will  be 
performed  at  a  density  of  0.  6  g/cc  or  higher  when  the  press  is  available. 
This  density  will  result  in  a  powder  flow  rate  of  at  least  60  Ib/mln  when  the 
feeder  drive  is  set  for  maximum  speed. 

A  supply  of  powdered  sugar  has  bsen  obtained  and  plans  are  to  run  the 
feeder  with  powdered  sugar  to  determine  if  performance  varies  with  the 
material  being  handled.  Since  powdered  sugar  is  more  hygroscopic,  these 
tests  will  not  be  conducted  until  the  air  dryer  for  humidity  control  is  in¬ 
stalled  and  operating.  The  dryer  installation  has  been  delayed  because  the 
vendor  failed  to  meet  hi»  quoted  delivery  date. 
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Some  of  the  future  feeding  experiments  will  be  performed  with  the 
laboratory  model  of  the  disseminator  which  the  Engineering  Department  is 
now  fabricating.  This  unit  is  to  be  a  full-scale  prototype  of  the  inner  tank 
assembly  of  the  airborne  disseminator  and  will  operate  on  the  same  basic 
principles  employed  in  the  unit  which  has  been  thus  far  used  to  demonstrate 
the  feasibility  of  feeding  compacted  dry  powder  materials. 
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7.  DESIGN  STUnlES  ON  A  DRY  AGENT  DBSEKUNATINa  STORE 

Th.  d..ig«  c»»c.pt  01  on  •>»” 

agoat  malorial  from  a  oompactod  atat.  was  da.orlbod  la  oar  Wtt  Quarter  y 
Prograe.  Report**.  Saotion  6  of  thia  aarr».t  report  oootrtoa  a  diaouaal» 
ol  th.  .rt..rin.at.l  aartaatloa  ol  th.  ba.lo  oonc.pt  u.lng  a  iuU-.oal.  mo^  . 
Tbl.  ..perimaatrt  program  ha.  d.moa.tr.t.d  that  the  propoaad  oonoapt  1. 
laaelble.  Soma  ol  th.  prlnolprt  compoa.ot.  of  an  alrborn.  dla.eminator 
baead  on  tbl.  concept  «er.  d.acrlb.d  In  the  S.o.ntb  Quarterly  Progr... 
Report^  Daring  tbl.  eighth  reporting  period  progr.o.  made  toward 
integrating  there  componant.  Into  a  waU-daelgned  dl. aamlnatlng  .tor.  a. 
deecribed  la  the  following  paragrapha. 

7.1  Creneral  Arrangement  for  the  Airborne  Dry  Agent  Diaaamtn^ln^ 
Stor^ 

A  preliminary  general  arrangement  for  the  airborne  dry  agent  dis¬ 
seminating  store  18  shown  in  Figure  7. 1  (GMI  Dwg  SK.29100.612).  The 
basic  structure  ie  an  aluminum  shell  that  provides  a  mounting  skeleton  for 
the  inner  tank  assembly,  the  gas  supply  system,  the  turbine  generator,  e 
actuator  and  the  necessary  control  apparatus. 

Th.  anletoal  akin  leal  80-lnoh  long  «,rodyn«t)lcaUy  .hoped  tank  that 
ha.  ,h.  .am.  dlmenalon.  a.  defined  for  die  I50-g.llon  Pl.tch.r  A.latleh  Co. 
Store  No.  21-150-6024.  Thi.  la  a  «...  that  ntlliaea  both  14-  ahd  30-lnoh 
lag  apaolng  for  airoraft  mtmntlog.  Tea.  bort.ontrt  fin.  ar.  moanl.d  on  th. 
aft  section  to  augment  tank  stability  during  flight. 

The  store  (exclusive  of  turbine  generator  assembly)  consists  of  the  for¬ 
ward,  the  center  and  the  aft  sections  which  extend  from  stations  13.  0  to 
52.0,  stations  52.  0  to  109.62.  and  stations  109.  62  to  180.  respectively. 
This  particular  sectioning  of  the  tank  was  required  to  provide  access  to 
both  ends  of  the  inner  tank  for  charging  with  the  compacted  dry  agent.  To 
minimize  assembly  time,  the  joints  at  stations  52.0  and  109  .  62  wll 
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equipped  with  a  bayonet-type  joining  feature,  la  separating  or  Joining  the 
tank  sections  all  that  will  be  required  is  the  loosening  of  a  locking  screw 
and  rotating  the  end  section  approximately  22.  5  degrees.  Gas  lino  and  cable 
disconnects  will  be  provided  on  the  fore  and  alt  sections  from  the  center 
section.  Access  doors  are  located  in  the  nose  and  tail  aectlona  at  positions 
determined  on  the  basis  of  necessity  and  ease  of  manipulation  of  the  various 
system  components  and  controls.  Locations  of  various  system  components 
were  evaluated  during  this  period  on  the  basis. of  available  space,  system 
operation  and  over-all  effect  on  the  store  center  of  gravity. 

The  £orw8,rd  section  from  stations  13.  0  to  52.0  contains  the  primary 
gas  system  hardware  and  the  necessary  electrical  components  for  power 
distribution.  The  ram  air  turbine  generator  la  mounted  at  station  13.  0. 

The  canter  section,  with  section  joints  at  stations  52.0  and  109.62, 
will  provide  the  primary  support  structure  and  will  house  the  inner  tank 
assembly  which  contains  the  agent  payload  and  the  feeding  mechanism. 

The  aft  section  from  stations  109.62  to  180  contains  the  rotary  actuator 
assembly,  the  actuator  control  electronics  (including  a  control  panel),  and 
the  ground  and  generator  power  distribution  system  electronics.  Gas  sys¬ 
tem  control  electronics  are  also  included  in  this  section.  A  special  coupling 
is  required  between  the  actuator  and  the  drive  screw  for  easy  separation 
when  the  aft  section  is  removed  for  the  dry  agent  loading  operation. 

7.  1.  1  Ram  Air  Turbine  Generator 

The  ram  air  turbine  generator  is  the  same  4.  5  kva,  115/200  volt.  400 
cps,  3-phase  generator  made  by  General  Motors,  Allison  Division,  which 
is  used  on  the  CMl  liquid  agent  disseminating  store.  However,  It  will  be 
necessary  to  modify  the  exterior  of  the  generator  housing  to  make  it  con¬ 
form  to  the  shape  of  the  dry  agent  disseminator.  The  generator  Is  thoroughly 
described  in  GMl  Specification  0148-29100-020,  a  copy  of  which  was  appended 
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to  our  jj’iith  Quarterly  Progresa  fteport^^.  A  new  specification,  GM9-29100- 
611  has  been  issued  for  the  generator  to  go  Into  the  dry  agent  disseminator 
because  of  the  modified  exterior. 

7. 1.  2  Dry  Nitroaen  System 

Dry  nitrogen  is  used  in  the  disseminator  to  fluidize  the  disaggregated 
powder  and  transport  it  out  of  the  store  through  the  discharge  tube  Into  the 
slip  stream.  The  nitrogen  system  schematic  drawing  is  presented  in  Figure 
7.2.  The  system  consists  of  a  high-pressure  storage  vessel,  manual  and 
solenoid  shut-off  valves,  a  pressure  regulator,  a  critical  flow  orifice,  a 
manifold  check  valve  and  a  manifold  with  high  velocity  jets.  These  basic 
compoaonto  are  supplemented  by  pressure  gauges,  relief  valves,  pressure 
switches,  etc.  required  for  safe  control  of  the  system.  Following  is  a  des¬ 
cription  of  the  system  as  it  will  function  in  the  disseminator. 

Dry  nitrogen  is  introduced  Into  the  pressure  vessel  through  the  charging 
valve  and  stored  at  3000  psi  presaure.  The  manual  shut-off  valve  Is  closed 
during  charging  and  storage  to  insure  that  no  leakage  will  occur.  During 
pre-flight  preparation  of  the  disseminator  the  manual  valve  is  opened  and 
the  solenoid  valve  is  used  to  atop  and  start  the  flow  of  nitrogen  during  opera¬ 
tion  of  the  disseminator. 

The  rate  of  flow  of  nitrogen  to  be  used  during  operation  is  determined 
by  adjusting  the  pressure  regulator  to  be  predetermined  pressure  before 
take-off.  This  controlled  pressure  in  conjunction  with  the  critical  flow 
orifice  will  give  a  constant  rate  of  mass  flow  which  is  Independent  of  the 
downstream  pressure. 

The  pressure  regulator  is  adjusted  while  nitrogen  is  flowing.  A  supply 
of  nitrogen  is  Introduced  Ihto  the  checkout  valve  from  an  external  supply, 
passes  through  the  pressure  regulator,  and  is  exhausted  to  the  atmosphere 
through  the  ground  checkout  discharge.  This  method  of  adjustment  does  not 
bleed  nitrogen  out  of  the  system’s  pressure  vessel  and  will  not  build  up 
presaure  in  the  inner  tank  assembly. 
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When  the  nitrogen  is  released  fronn  the  preeeure  vesseU  laentropic 
expansion  will  cause  significant  cooling.  Under  certain  conceivable  condi¬ 
tions  this  temperature  drop  could  cause  variations  of  mass  flow  rate  of 
from  10  to  20  percent.  If  this  problem  should  arise  it  can  be  corrected  by 
adding  heat  to  the  gas.  For  these  reasons  a  heater  Jacket,  laced  to  the 
pressure  vesseli  has  been  added  to  the  system.  If  actual  test  experience 
shows  that  the  heater  is  unnecessary  it  can  easily  be  removed  frona  the  sys¬ 
tem. 

A  flow  Indication  pressirre  switch  is  mounted  in  the  manifold  upstream 
of  the  critical  flow  orifice  to  show  Mid\ether  or  not  the  solenoid  valve  is  open 
and  sufficient  pressure  is  available  for  proper  flow. 

The  cylinder  pressure  switches  operate  when  the  cylinder  preeeure 
exceeds  the  normal  operating  level.  This  would  happen  if  the  orifice  which 
discharges  the  mixture  of  powder  and  nitrogen  became  plugged.  The  switches 
will  actuate  a  relay  to  shut  off  the  gas  solenoid  valvs. 

The  line  pressure  switch  is  used  as  a  safety  back-up  for  the  cylinder 
pressure  switches.  Its  actuation  point  will  bo  set  below  the  relief  valve 
setting. 

The  manifold  check  valve  allows  free  flow  of  nitrogen  into  the  cylinder 
but  prevents  back  flow  so  that  the  nitrogen  system  will  not  become  con¬ 
taminated  by  agent  entering  through  the  manifold. 

The  pressure  equalizing  lines  allow  flow  from  the  mixing  chamber  to 
the  spaces  behind  the  pistons  so  that  the  pistons  will  not  work  against  a  gae 
pressure  differential. 

The  nitrogen  flows  through  the  manifold  and  out  Into  the  mixing  cham¬ 
ber  via  the  high  velocity  jets.  The  jets  will  give  a  velocity  of  from  150  to 
3d0  ft/sec  depending  on  the  flows  and  the  size  of  the  jets  used.  This  velo¬ 
city  will  cause  swirls  in  the  mixing  chamber  and  will  tend  to  cause  good 
mixing  of  powder  and  gas  as  the  powder  comes  off  the  disaggregator  cutters. 
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The  nitrogen  preesure  vessel  can  store  a  total  of  12.  65  pounds  or  175 
ac£  of  nitrogen  at  3000  psi  and  70* F.  The  amount  available  for  mixing  with 
the  powder  is  9.  62  pounds  {or  2. 75  percent  of  the  350-pound  powder  capacity) 
because  of  allowances  which  must  be  made  for  changes  of  flow  rate  with 
temperature  change,  errors  in  pressure  measurement  and  regulation,  and 
a  requirement  for  a  residual  pressure  to  be  maintained  in  the  vessel. 

With  the  regulated  pressure  range  of  30  to  100  psig  on  the  fixed  orifice, 
the  available  range  of  flow  rates  is  S.  7  sefm  minimum  to  14.  6  scfm  maxi¬ 
mum,  Figure  7.  3  shows  how  this  range  of  nitrogen  flow  rate  combines  with 
the  powder  feed  rate  to  give  various  ratios  of  nitrogen  to  powder  flow.  The 
ratio  can  be  kept  at  2.  75  percent  Up  to  powder  feed  ratee  of  38  Ib/mln  by 
increasing  the  gas  flow  as  the  powder  flow  is  increased.  At  feed  rates  above 
38  Ib/min  the  maximum  flow  rate  of  14.  6  acfm  governs.  The  ratio  then  de¬ 
creases  until  the  minimum  percent  is  1.  76  at  a  feed  rate  of  60  Ib/min. 

If  the  gas-to-powdsr  ratio  is  allowed  to  vary  from  2.  75  down  to  one 
percent,  only  two  nitrogen  flow  rates  are  needed,  5.  7  and  14.  6  scfm. 

A  preliminary  study  u£  the  standard  practices  employed  in  charging 
high-pressure  veoeels  indicates  that  there  are  two  practical  methods  of 
charging  the  pressure  vessel  with  dry  nitrogen  for  this  application.  One  is 
to  compress  the  gas  from  standard  2200  psi  bottles  directly  into  the  pres¬ 
sure  vessel  with  a  portable  compressor.  The  second  method  is  to  order 
6000  psi  bottles  and  use  these  to  top  off  the  vessel  after  filling  part  way  with 
the  readily  attainable  2200  psi  bottles. 

The  relative  merits  of  these  methods  are  now  being  investigated  and 
the  necessary  faciUties  wiU  be  made  available  for  laboratory  and  field 
operation  of  the  nitrogen  syetem. 
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Figure  7.  3  Ra.tio  of  Nitrogen-to-Powder  Flow  Rates  Obtained  from 

Powder  Feed  Rate  versus  Available  Nitrogen  Flow  Rates  (Q) 
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7. 1.  3  Center  Section 

The  center  section  of  the  store  is  the  basic  disseminatar.  It  extends 
from  station  35.  5  to  station  131.75.  It  is  actually  some^at  longer  than 
the  length  arrived  at  by  subtracting  the  nose  and  tall  sections  from  the  over¬ 
all  length  because  the  ends  of  the  inner  tank  assembly  extend  beyond  the 
stations  where  the  nose  and  tall  joints  are  made.  The  construction  of  this 
center  section  will  be  similar  to  the  liquid  agent  disseminating  store  in  that 
the  space  between  the  Inner  cylinder  and  the  external  shell  will  be  filled 
with  a  foamed-in -place  rigid  plastic.  A  strong-back  and  stiffening  rings 
will  be  used  to  satisfy  structural  requirements.  Nitrogen  lines  and  elec¬ 
trical  conduits  will  be  placed  between  the  inner  and  outer  shells. 

The  inner  tank  assembly  consists  of  a  cylinder  with  removable  end 
plates,  a  drive  screw  running  the  Length  of  the  cylinder,  two  pistons  with 
threaded  hubs  riding  the  drive  screw,  and  a  disaggregator  with  cutters  in 
disks  keyed  to  the  drive  screw  at  the  center.  The  design  of  this  assembly 
will  be  similar  to  the  second  experimental  model  shown  in  Fijgore  7.  4  and 
described  in  Section  7.  2.  The  essential  differences  in  the  airborne  model 
as  now  envisioned  will  be  that  a  one-piece  cylinder  with  a  removable  gas 
manifold  will  be  used  to  eliminate  the  center  joint  shown  in  the  experimental 
unit,  and  double  O-ring  seals  will  be  used  on  the  end  plates  and  all  other 
attachments  to  the  cylinder. 

The  inner  cylinder  U  83.  25  inches  long  and  16.5  Inches  Inside  diameter. 
A  volume  of  9, 1  cubic  feet  Is  available  within  the  cylinder  for  containing 
compacted  dry  agent  material. 

The  flizidlaed  powder  will  be  discharged  through  a  short  tube  extending 
from  the  bottom  of  the  center  section.  An  NACA  study^^  of  discharge  tubes 
of  this  type  showed  that  in  order  to  obtain  good  separation  of  the  discharge 
flow  from  the  boundary  layer  of  the  store,  the  tube  should  be  housed  by  an 
air  foil  capped  with  an  air-flow  control  plate.  In  the  case  of  the  dissemina¬ 
tor  it  is  necessary  that  the  tube  shroud  be  large  enough  to  house  the  valve 
mechanism  and,  consequently,  a  tapered  ellptical  shroud  is  considered  to  be 
the  best  compromise  design.  Such  a  shroud  Is  shown  in  Figure  7,  1. 
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The  requiremeata  of  the  rotary  actuator  for  driving  the  feeding  mecha- 
olani,  as  outlined  la  the  Seventh  Quarterly  Progreaa  Report^^  and  repeated 
below,  were  submitted  to  a  number  of  potential  vendors  but  none  oould. fur¬ 
nish  a  satisfactory  item  without  resorting  to  a  design  and  development  pro¬ 
gram.  Since  General  Mills,  Inc.  has  had  considerable  experience  in  de¬ 
veloping  equipment  of  this  type,  a  decision  was  made  to  have  our  personnel 
proceed  with  the  design  and  fabrication  of  the  actuator. 

The  requirements  of  the  actuator  are; 

1)  Output  Speeds.  -  12,  18,  24,  36  and  48  rpm  in  either  direc¬ 
tion.  (These  speeds  are  changed  from  those  given  in  the 
referenced  report. ) 

2)  C^tput  Torque.  -  2500  pound-inches  in  either  direction  at 
the  above  speeds. 

3)  Maximum  AUowable  Overhung  Shaft  Load.  -  1500  pounds. 

4)  Maximum  AUowable  Inward  Thrust  Load  on  Shaft.  -  2000 
pounds, 

5)  Maximum  Allowable  Outward  Thrust  Load  on  Shaft,  -  2000 
pounds. 

6)  Duty  Cycle,  -  Continuous  for  periods  up  to  1/2  hour. 

7)  Life.  -  200  hours. 

8)  Operating  Temperature.  -  160*F  to  -65*r. 

9)  Operating  Altitude.  -  Sea  level  to  15,  000  feet. 

JO)  Acceleration.  -  10  g's  in  any  direction. 

1 1)  Vibration. ..  5  to  500  cps  at  0.  036-lnch  double  ampUtude  or 
^10  g  whichever  is  the  lower  value. 

12)  Input  Electrical  Characteristics.  -  400  cycle,  200  volt,  3 

phase,  ac. 

13)  Connectors.  -  Water-tight  conuector  at  cabls  sntrance  to 
actuator  housing. 
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During  thia  reporting  period  the  design  waa  eseentially’  comfkleted  and 

all  major  items  were  releaaed  for  fabrication  or  procurement.  As  the  de> 

sign  progressed,  it  was  necessary  to  modify  some  of  the  characteristics  so 

that  they  now  differ  from  the  description  presented  in  the  Seventh  Quarterly 
1 8 

Progress  Report  . 

The  electric  motor  which  has  been  ordered  from  the  Westinghouse 
Electric  Corporation  Is  a  400  cps.  3-phase.  200-volt,  5600-rpm  motor  with 
a  rated  torque  capacity  of  22  pound-inches.  The  speed-selector  portion  of 
the  actuator  will  still  provide  for  five  driving  speeds  as  given  in  Item  {!) 
above.  At  all  but  the  highest  speed  the  Speed-changing  gearing  will  all  pro¬ 
vide  some  speed  reduction.  The  highest  ratio  is  actually  a  stap-up  to  about 
117  percent  of  input  speed. 
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The  major  speed  reduction  still  occurs  In  the  fixed-ratio  speed-reducing 
part  of  the  actuator  which  is  a  aeries  three-stage  planetary  gear  unit.  The 
reduction  ratio  of  the  first  and  second  stages  is  4.75  to  1  each,  and  that  of 
the  third  stage  is  6  to  1,  giving  an  over-all  reduction  ratio  of  135.  375  to  1. 
The  input  in  each  stage  is  at  tbs  sun  gear  and  the  output  at  the  planet  carrier 
or  its  extension.  The  incoming  torque  is  received  through  a  safety  clutch 
which  is  designed  to  slip  when  the  force  exceeds  a  given  amount. 

The  approximate  size  of  the  actuator  package  is  now  12  inches  maximum 
diameter  and  21  inches  length.  Slightly  more  than  half  of  the  unit  has  a 
diameter  of  about  5  inches.  The  weight  has  been  calculated  at  65  pounds. 

The  actuator  assembly  will  have  two  mounting  flanges  for  securing  the  unit 
in  the  tail  section  of  the  store.  The  principal  mounting  of  the  actuator  Is  at 
the  forward  bulkhead  of  the  motor  housing  and  the  secondary  mounting  is  the 
flange  portion  of  the  housing  at  the  forward  or  output  end  of  the  planetary 
speed-reducing  unit. 
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7.2  yabrtc^Hoa  of  ths  Second  Experimental  Unit 


The  design  for  the  airborne  dry  agent  disseminating  store  which  is 
evolving  from  design  studies  and  laboratory  experiments  will  differ  in  some 
respects  from  the  full-scale  feeder  which  has  been  used  thus  far  in  this 
phase  of  the  program.  The  same  basic,  concepts  will  be  employei|.bufc>':  in 
generalt  the  experimental  feeder  design. is  not  directly  applicable  to  the  air¬ 
borne  store.  Therefore,  a  second  experimental  model  is  being  fabricated 
to  test  the  design  to  be  employed  in  the  airborne  store.  This  new  experi¬ 
mental  unit  is  shown  in  Figure  7. 4  (GMI  Dwg  3K'29100.778).  The  mors 
Importont  changes  in  this  model  as  compared  with  the  first  experlmenUI 
feeddr  are  discussed  below. 

1)  The  cylinder  dimensions  are  reduced  to  83.  25  inches  long 
by  16.  5  inches  inside  diameter.  These  dimensions  are 
those  of  the  inner  tank  to  be  Incorporated  In  the  airborne 
version.  Stainless  steel,  type  304  ATSI.  is  utlliaed  rather 
than  aluminum  as  in  the  first  generation  model, 

2)  The  drive  screw  is  machined  as  one  piece  rather  than  two 
as  on  the  first  generation  model.  This  eliminates  the 
problem  of  joining  the  two  screws  together  when  assem¬ 
bling  the  unit.  The  disaggregator  is  keyed  to  the  drive 
screw  to  permit  easy  removal  of  the  screw  for  cleaning 
and  maintenance. 

3)  Ball  bearings  for  radial  and  thrust  support  are  again  used 
at  the  ends  of  the  screw  but  additional  bearings  are  mounted 
at  the  center  of  the  cylinder  to  support  the. disaggregator 
and  reduce  friction «t  this  point.  The  center  support  struc¬ 
ture  has  been  incorporated  in  the  aerating  ring  structure  to 
obtain  a  compact  arrangement. 

4)  The  orifice  plates  forming  the  sides  of  the  aerating  ring  or 
manifold  have  removable  noznles  for  directing  the  gas 
which  mixes  with  the  powder  and  causes  it  to  flow  out  of 
the  unit. 

5)  The  piston  hubs  are  elongated  to  provide  better  support  on 
the  drive  screw. 

b)  The  experimental  unit  Is  designed  for  loading  from  the 
ends,  using  a  special  loading  tube,  as  is  planned  for  the 
airborne  version. 
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Controls  for  ths  gas  system  are  not  shown  in  Figure  7. 4  but.  the  follow 
ing  items  will  be  installed  on  the  experimental  unit  to  teat  for  performance* 


1)  Pressure  switches  to  indicate  abnormally  high  pressure 
within  the  cylinder  at  the  center  and  at  the  ends  behind  the 
pistons. 

2)  A  check  valve  at  the  entrance  to  the  aerating  ring  to  pre¬ 
vent  back  flow. 


3)  ApretiuTft  switch  to  Itidlc&te  iibnormally  high  pressure  in  I 

the  gas  line  entering  the  aerating  ring.  I 

4)  A  pressure  relief  valve  In  this  line.  1 

5)  A  fixed  critical  flow  orifice  ahead  of  the  pressure  relief  ' 

valve. 


6)  A  pressure  regulator  in  the  gas  supply  line. 

This  experimental  unit  will  be  tested  with  the  same  facilities  which 
have  been  used  to  obtain  data  with  the  first  experimental  unit. 

^  Pabricai-ion  of  Loading  Equipment  for  Use  With  the  Second  Experi- 
mental  Unit  ■  -  ■  - c - 

Loading  of  the  disseminator  with  compacted  dry  agent  will  require 
auxiliary  equipment  to  compress  the  finely-divided  bulk  solids  into  cylindri¬ 
cal  packages  of  the  required  length,  diameter  and  density.  Special  equip¬ 
ment  may  also  bs  necessary  to  transfer  the  compacted  powder  from  the 
P*"®*®  i®  fbe  disseminator.  In  order  to  study  this  aspect  of  the  program),  a 
hydraulic  press  and  a  loading  fixture  have  been  designed  for  use  with  the 
second  experimental  unit.  Fabrication  of  this  equipment  was  started  during 
this  reporting  period. 
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7.  3.  I  Hydraulic  Preaa 

The  hand  preea  employed  In  loading  the  full«ecale  feeder  with  com¬ 
pacted  powder  is  not  suitable  for  producing  densities  greater  than  approxi¬ 
mately  0.  45  grams  per  cc.  Since  the  objective  Is  to  investigate  dissemina¬ 
tor  performance  with  compaction  densities  up  to  0.  6  grama  per  cc»  it  will 
be  necessary  to  have  a  press  capable  of  producing  the  total  force  associated 
with  this  density.  Consequently,  a  simple  hydraulic  press  la  being  fabri¬ 
cated  which  will  be  capable  of  exerting  a  force  of  8300  pounds.  The  com¬ 
paction  ram  will  be  attached  to  a  hydraulic  cylinder  having  a  38-inch  struka. 
Hydratilic  controls  will  be  provided  to  enable  the  operator  to  vary  the  rate 
of  piston  travel  and  to  adjust  the  piston  force. 

7.  3.  2  Loading  Fixture 

A  loading  fixture  is  being  fabricated  which  conaiets  of  a  loading  tube 
and  a  manual  lift  truck.  The  loading  tube  will  be  positioned  in  the  hydraulic 
press  for  filling  and  compacting  of  the  powder.  The  ILCl  truck  will  be  used 
to  raise  the  fiUed  loading  tube  and  rotating  it  to  a  horizontal  position  in  line 
with  the  disseminator.  The  loading  tube  will  then  be  attached  to  the  end  of 
the  Inner  tank  of  the  disseminator  and  the  compacted  material  will  be  pushed 
into  the  disseminator  using  air  pressure  to  operate  the  loading  tube.  The 
loading  fixture  will  then  be  removed  and  the  piston  and  end  plate  of  the  dis¬ 
seminator  will  be  Installed. 
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a,  TESTING  OF  THE  LIQUID  AGENT  DISSEMINATING  STORE 


The  liquid  agent  diaaemlnating  atore,  which  waa  deacribed  in  the  Seventh 
Quarterly  Progress  Raport^^,  haa  been  subjected  to  a  aeries  of  structural 
and  functional  teats  in  the  laboratory  and  In  the  field.  Laboratory  structural 
teats  were  conducted  at  Fletcher  Aviation  Company.  El  Monte,  California 
using  two  teat  unite  which  were  fabricated  for  that  purpose.  The  third  unit, 
which  ia  a  complete  developmental  modal,  waa  tested  in  the  laboratory  at 
General  Mills,  Inc.  and,  subsequently,  flight  tested  on  an  A4D-1  airplane 
at  the  Naval  Air  Test  Center,  Patuxent  River,  Maryland.  The  disseminator 
haa  mat  the  requirements  of  the  various  tests  with  a  very  high  degree  of 
success.  An  assembly  drawing  showing  the  complete  unit  Is  included  as 
Appendix  A  of  this  report. 

A  report  (see  Appendix  B)  of  the  structural  test  program  is  included 
with  this  progress  report  and  is  discussed  briefly  below.  The  results  of 
the  test  work  conducted  at  General  Mills,  Inc.  will  be  presented  In  a  final 
engineering  report  which  Is  being  prepared.  The  Naval  Air  Test  Center  is 
Bubmittlng  an  official  report  on  the  flight  tests.  A  short  description  of  the 
flight  test  project  is  presented  in  paragraph  8.  2  following. 

8.  1  Structural  Testing  at  Fletcher  Aviation  Company.  El  Monte, 
Cairiornla  - - - 


Appendix  B  is  Fletcher  Aviation  Company  Report  No.  43.286,  ''Qualifi¬ 
cation  Teste,  General  Mills  Tank  Assembly"  covering  the  structural  testing 
conducted  by  Fletcher  on  two  units  fabricated  for  this  purpose.  The  teat 
models  were  structurally  similar  to  the  delivered  unit  with  the  exception 
that  components  such  as  the  turbine,  pump,  actuator,  etc. ,  were  simulated 
by  means  of  dummy  units  having  the  same  weight,  center  of  gravity,  and 
attachment  provisions. 

The  tests  were  conducted  in  general  accordance  with  Specification 

"Tanks,  Fual,  Aircraft,  External,  Auxiliary,  Removable." 
Following  ia  a  list  of  the  test  performed: 
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1)  Sxaxninatioti  of  product  for  coqforznaace  with  drawing*  ftnd 
for  quality  of  workmanship. 

2)  Determloatlon  of  weight  and  center  of  gravity  location*. 

3)  Oetermination  of  tank  capacity. 

4)  Slosh-and'Vibration  teat. 

3)  Leakage  test. 

6)  Ground  ejection  teat. 

7)  Static  structural  teat. 

The  dlaaemlnator  auccesefuUy  met  the  requirement*  of  the  various 
tests.  In  order  to  pass  the  aIoah-and>vlbratlon  test  it  was  necessary  to 
stop  the  test  after  it  had  been  in  progress  for  17-1/2  hours  and  repair  a 
crack  In  the  akin  and  add  reinforcement  strips  as  described  in  pages  4.  7 
through  4.  12  of  Appendix  B.  After  this  modification  the  tank  successfully 
withstood  an  additional  25  hours  of  slogh-and-vibration  testing. 

During  the  repair,  the  inner  tank  was  inspected.  It  was  discovered  that 
the  buna  rubber  lining  of  the  Inner  Fiberglas  tank  bad  separated  from  the 
tank  and  was  torn  in  several  places  (see  page  4. 11  of  Appendix  A).  In  addi¬ 
tion,  the  two  anti-slosh  baffles  were  intact  but  had  broken  free  and  were 
lying  on  the  bottom  of  the  tank.  The  lining  and  the  bulkheads  were  removed 
before  the  test  was  repeated. 

When  thla  Fiberglas  tank  was  delivered  to  Fletcher  for  iocorporation 
into  the  assembly,  it  was  known  that  the  bond  between  the  liner  and  the  tank 
proper  was  inferior.  The  liner  was  already  separated  from  the  tank  in 
places.  Since  this  liner  was  used  to  facUltats  release  of  the  tank  from  the 
mold  during  fabrication  and  Is  not  required  for  structural  or  leakage  pur  - 
poses,  this  fault  was  not  considered  to  be  important. 
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Through  arrangements  with  the  Bureau  of  Naval  MTaapona  it  became 
possible  to  conduct  flight  teats  with  the  liquid  agent  disseminator  using  an 
A4D  airplane.  The  unit  was  shipped  to  the  Naval  Air  Test  Center,  Patuxent 
River,  Maryland  whore  a  aeries  of  flight  teats  were  conducted  by  the  Weapon 
Systems  Teat  Division  on  16,  17,  IS  May,  1962.  The  WST  Division  was 
directed  to  prepare  a  final  report  covering  these  tests.  The  following  re¬ 
marks  concerning  the  flight  tests  are  baaed  on  observations  made  by  General 
Mllla,  Inc.  personnel  who  participated  in  the  tests  and  on  preliminary  verbal 
reports  made  by  Lt.  H.  Turk,  the  test  pilot. 

The  following  "detailed  Requirements"  were  listed  in  Weptask  No. 
RMMO-33-Ol 5/201 -1/F008- 10-005  issued  by  the  Bureau  of  Naval  Weapons 
for  the  flight  test  project.  The  unit  successfully  passed  all  phases  of  this 
testing  program. 

1)  Perform  fit  tests  with  the  spray  tank  suspended  from  the 
Aero  7A  Bomb  Back  of  the  A4D-1  aircraft. 

2)  Provision  for  appropriate  electrical  connectors  in  the  air¬ 
craft  pylon,  if  required. 

3)  Perform  static  functional  spray  tests  using  water. 

4)  Perform  flight  teats  to  the  maximum  safe  speeds  not  to  ex¬ 
ceed  the  limits  of  normal  flying  as  sat  forth  in  BUWEPS 
Instruction  3710.  0  of  19  October  I960. 

3)  Pilot  to  observe  and  report  unfavorable  conditions  during 
taxiing,  take-o^s,  ian^ngs,  and  maneuverability  teste 
(high  and  low  altitude,  high  and  low  speed). 

6)  Perform  high  altitude,  low  temperature  soak  followed  by 
functional  test  with  dyed  water.  Upon  landing  make  a 
visual  check  of  aircraft  and  report  areas  covered  with  dye. 

Report  temperature  and  duration  of  cold  soak. 

Perform  low  altitude  (300  to  500  feet)  high-speed  functional 
test  with  dyed  water.  Upon  landing  make  a  visual  check  of 
the  aircraft  and  report  areas  covered  with  dye. 
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8)  Provide,  for  camera  coverage  of  faoctioaal  teat  items  (3)> 

(6)  and  K?)  above. 

9)  Furnieh  twelve  photographic  copies  of  the  GMI  spray  tank 
and  aircraft  installation  to  BUWEPS  tCode  RMklO-334). 

The  photographs  In  Figures  8. 1  and  8.  2  show  the  disseminator  mounted 
on  the  Aero  7A  bomb  rack  on  the  fuselage  centerline  station  of  the  A4D>1 
airplane.  Electrical  connections  to  the  store  were  easily  made  by  installing 
a  cable  running  from  the  pylon  to  a  junction  box  in  the  fuselage  just  forward 
of  the  pylon.  The  cockpit  control  panel  was  installed  in  a  position  used  for 
such  auxlilary  equipment  and  required  no  airplane  modifications. 

The  etatlc  functional  spray  tests  were  conducted  with  the  unit  mounted 
on  a  bomb  rack  hanging  from  a  steel  frame  provided  by  the  Navy.  A  ground 
power  source  was  used  to  operate  the  disseminator.  Figure  8. 3  shows 
water  spraying  from  the  booma  during  this  test. 

The  night  tests  were  conducted  in  three  flights.  The  pilot  reported  no 
unfavorable  conditions  due  to  the  disseminator  during  these  flights  and 
found  the  control  panel  to  be  entirely  satisfactory.  The  unit  functioned 
properly  at  all  times. 

The  high-altitude,  low-temperature  test  was  conducted  on  the  second 
flight  in  which  two  auxiliary  3 00 -gallon  fuel  tanks  were  Installed  at  the  wing 
stations  to  obtain  the  desired  flight  duration.  Two  minimum -maximum 
thermometers  mounted  in  the  aft  section  of  the  disseminator  for  this  test 
indicated  a  temperature  range  from  73*F  to  80 *F. 

Maneuvers  resulting  in  5  "g"  loading  were  performed  on  the  third  flight. 
Following  these  maneuvers,  several  low-altitude  dissemination  rune  were 
made  within  sight  of  an  observation  tower  so  that  motion  pictures  could  be 
made  with  a  telephoto  lens.  The  dissemination  process  was  visible  to  the 
naked  eye  and  the  aerosol  was  observed  to  trail  out  from  the  booma  of  the 
disseminator  in  a  clearly  defined  band  that  did  not  diffuse  until  It  was  well 
aft  of  the  airplane. 
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'/Tor  each  oi  the  three  flights  the  dissemlaator  was  filled  with  dyed 
water  to  aid. la  photography  and  to  provide  a  tracer  for  studying  contamina¬ 
tion  of  the  aircraft.  Both  methylene  blue  and  uranine  (sodium  fluorescein) 
were  used  at  a  concentration  of  approximately  0. 25  percent  each.  The 
methylene  blue  waa  planned  to  produce  evidence  of  contamination  visible 
under  normal  light  and  the  uranine  under  ultraviolet.  A  very  careful 
examination  of  the  airplane  was  made  after  each  flight  and  no  evidence  of 
contamination  was  found.  In  fact,  the  only  areas  on  the  store  itself  which 
were  contaminated  were  the  booma,  the  boom  wells*  and  the  exterior  sur¬ 
faces  immediately  adjacent  to  the  boom  wells. 
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During  this  rei>orting  period,  slgniiicant  work  was  accomplished  In  our 
research  and  development  program  on  the  dissemination  of  solid  and  liquid 
BW  agents.  Progress  In  each  of  seven  areas  of  effort  is  summarised  below 
with  the  pertinent  section  of  this  report  indicated  at  the  end  of  the  paragraph. 

Data  obtained  with  an  Improved  piston-cylinder  compaction  apparatus 
have  resulted  in  an  empirical  formula  of  the  form  (T  =  K  relating  stress. 
O',  and  density,  /?,  of  a  compacted  powder.  Values  for  K  and  r  ware  deter¬ 
mined  for  talc,  saccharin,  powdered  sugar,  powdered  milk  and  cornstarch. 
Tests  with  tlua  hydrostatic  compaction  apparatus  yielded  results  in  agree¬ 
ment  with  the  improved  piston-cylinder  compaction  apparatus,  but  the  hydro¬ 
static  apparatus  proved  to  be  difficult  to  use.  Measurements  at  high  stress 
levels  with  the  above  powders  indicate  that  considerably  less  elastic  energy 
is  stored  in  a  compacted  jxiwder  bed  than  was  first  assumed.  It  has  been 
found  that  very  little  elastic  recovery  occurs  as  stress  is  reduced  at  high 
stress  levels.  The  triaxial  shear  testa  have  thus  far  proven  successful  only 
with  relatively  highly  compacted  samples  and  low  (2  psi  or  less)  radial  pres¬ 
sures.  Additional  data  were  obtained  using  the  bulk  tensile  strength  appara¬ 
tus  with  ainc  cadmium  sulfide  which  indicates  that  total  sample  length  and 
length  of  time  of  application  of  compressive  load  whan  preparing  the  sample 
are  important  considerations.  Bulk  density  investigations  have  produced 
data  showing  a  decrease  in  density  with  increased  radial  distance  from  the 
axis  of  a  sample  compacted  in  a  cylinder.  Using  the  sliding  disk  method  to 
measure  shear  strength  as  a  function  of  compressive  stress  it  has  been  ob¬ 
served  that  the  relationship  remains  unchanged  as  humidity  is  increased 
from  2  to  32  percent  but  marked  changes  were  observed  at  46  and  69  per¬ 
cent  (Section  2). 

The  aerophilometer  has  been  operated  while  studying  experimental 
techniques  and  determining  operating  parameters  essential  to  carrying  out 
the  program  on  stability  properties  of  aerosols.  A  mathsmatlcal  analysis 
has  produced  theoretical  expressions  which,  as  shown  by  experiments. 
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have  a  considerable  degree  of  validity  and  have  proven  very  useful  in.. inter¬ 
preting  the  light-ecattering  data.  The  decrease  in  scattered  light  with  time 
has  been  recorded  for  aerosols  of  talc,  saccharin,  powdered  milk  and  K- 
ferric  oxide  using  the  fan  to  produce  turbulence.  Erratic  behavior  was  ob¬ 
served  when  tranquil  conditions  were  employed.  Apparently,  "clouds"  form 
in  the  aerosol  and  drift  randomly  through  the  light-scattering  area  (Section  3). 

An  experiment  has  shown  that  Sm  powder  being  used  in  trials  deeigned 
to  measure  the  degree  of  heat  inactivation  were  invariably  contaminated  with 
Bg  colonies.  A  series  of  trials  have  demonstrated  that  neither  coating  with 
Cab-O-Sil  nor  compaction  to  0.  62  grams  per  cc  density  has  any  significant 
or  deleterious  immediate  effects  on  viability  of  Sm  < Section  4). 

A  program  was  conducted  at  Fort  Detrick  under  Technical  Kvaluation 
Division  Test  Mo.  62-TE-1602;  MD  Division  No.  1927,  using  the  40-foot 
diameter  test  apharo  to  evaluate  the  General  Mills  GMI-3  fixture  and  wind 
tunnel  when  used  for  generating  aerosols  of  dry  Sm  and  dry  P.  tuUrensis. 

When  the  Technical  Evaluation  Division  furnishes  the  statistical  analysis  of 
data,  it  will  be  possible  to  report  on  the  effects  of  compaction  and  subse¬ 
quent  aerodynamic  breakup  during  dissemination  on  the  viability  of  dry 
agents.  Preliminary  examination  of  the  data  indicates  that  good  recovery 
factors  were  obtained  (Section  5). 

The  full-scale  experimental  feeder  for  use  with  compacted  dry  agent 
simulants  has  been  operated  successfully  over  material  flow  rates  ranging 
from  20  to  49  Ib/min.  It  has  been  demonstrated  that  reasonably  low  gas 
flows  are  sufficient  to  fluidize  the  powder  and  carry  it  out  through  a  dis¬ 
charge  tube.  Although  the  feeder  has  been  operated  satisfactorily  with  gas 
flow  as  low  as  3  scfm,  teats  have  shown  that  best  performance  has  resulted 
when  the  rate  was  approximately  6  scfm.  Torque  and  power  required  to 
drive  the  feeder  have  both  been  well  below  the  limits  established  in  the 
design  studies  for  an  airborne  disseminator  based  on  the  basic  principles 
employed  in  the  full-scale  feeder  (Section  6). 


Authority: 
Chief,  Rei 
-Date: _ 


9-2 


DECLASSIFIED  IN  FULL 

Authority;  E0  13526 

Chief,  Records  &  Declass  Div,  WHS 


The  design  stnclieii  on  a  di’y  BW  agent  dieeemiiuiting  store  have  pro¬ 
gressed  to  the  stage  where  major  components  are  now  well  defined  and  a 
preliminary  general  arrangement  has  bean  prepared.  The  store  will  have 
the  same  external  shell  as  a  standard  150-galIon  auxiliary  fuel  tank  and  will 
have  provisions  for  both  14-  and  30-inch  spacing  of  the  mounting  lugs.  The 
agent  will  be  contained  within  a  tank  assembly  forming  an  integral  part  of 
the  center  section  of  the  store.  The  air  turbine  generator  and  the  gas  supply 
vessel  will  be  housed  in  the  nose  section,  and  the  rotary  actuator  in  the  tall. 
Both  nose  and  tail  sections  will  be  attached  to  the  canter  section  with  bayonet- 
type  joints.  The  dry  agent  will  he  discharged  through  a  tube  prcjectiag  below 
the  store  sufficiently  far  so  that  the  material  is  injected  into  the  slipstream 
beyond  the  boundary  layer.  An  experimental  version  of  the  inner  tank 
assembly  is  being  fabricated  for  use  In  laboratory  tests  of  the  engineering 
design  (Section  7), 

The  liquid  agent  disseminating  store  was  flight  tested  on  an  A4D-1  air¬ 
plane  by  the  Weapons  System  Test  Division  at  the  Naval  Air  Test  Center, 
Patuxent  River,  Maryland.  Dyed  water  was  successfully  diaaeminated 
under  various  conditious  anil  no  trace  of  dye  could  be  found  on  the  airplane 
after  it  returned  to  the  ground.  The  pilot  reported  no  unfavorable  conditions 
of  flight  and  there  was  no  damage  to  the  store  during  maneuvers  resulting 
in  5  "g"  loading  and  speeds  up  to  the  maximum  safe  limits  of  normal  flying 
for  the  A4D-1  airplane  {Section  8). 
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FACTCALPm 

RMDIKBMBWTi 

1.  To  datexialne  the  total  weight  of  the  «»|»ty  aeeealbly. 

2.  TO  datenaine  the  canter  of  gravity  looattone  to 

the  re<iulJf®w***t*  detail  apaclflcatlone 

for  the  tank. 


1.  TWO  platform  ecalae. 

2.  Tank  cradle. 

3.  Ro<dcar  bar. 

4.  Hater  awtar. 

test  pRocgpuaai 

1.  Tha  cradle  18  weighed. 

2.  Tha  tank  and  cradle  are  weighed  and  the  cradle 
weight  ie  deducted  from  the  total  weight. 

3.  The  cradle  18  balanced  on  the  rocker  bar. 

4.  The  tank  la  placed  on  the  cradla  in  tha  "balance" 
pOBltion.  The  c.g,  station  18  recorded. 

5.  Hater  Is  metered  into  the  tank  to  1/4  of  the  rated 
capacity. 

6.  The  force  and  aomont  arm  required  to  balance  tha  tank 
at  a  range  of  tank  attitudes  from  5*  noea  down  up  to 
and  including  30*  nose  up. 

7.  itome  S  and  6  are  repeated  for  the  1/2,  3/4  and  full 
capacity. 

dm  'Wia  c.g.  for  each  condition  la  detemined  from 
tha  total  weight  and  the  balancing  force. 
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TAKK  ATTITXJDB 

Level 
Level 
5*11.0. 
5*».a. 
lO'^M.O. 
30'’jf.0 
Level 
5  K.D. 
5'’h,U. 
io*s.o. 
30"».U. 
t>evel 
5*H.D. 
S'M.O. 
lO^N.O. 
30*11.0. 
Level 
S  S.D. 
S^N.U. 

io*».o. 

30'’lf.U. 


^lOht  of  Bepty 

Y.A.C.  man.  '  .  r^, 

^.A.C.  QUALITY  CONTROL 


TS8T  RBSOLTfl 

jerSR  COMTBatS 

Sapty 
1/4  Full 


1/2  Full 


(D  @ 


T,M. 


3/4  Full 


H 

Full 


56B  Iba. 


CUST0H2R 


112.0 

105.6 
?5.7 

113.8 

118.9 

123.6 

102.3 

98.2 

110.1 

116.2 

120.2 

100.2 

99.1 

105.7 

109.1 

110.1 

99.9 

100.1 

99.8 

99.9 
99.4 
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RBPOirr  No. 


ADWIMISTRATIVS  DATA 


PURPOSE  OP  TR^i 


To  daiaonetrata  the  ctpacity  of  the  aeaeoihly 


MAMUPACTURHRi 


Fletcher  Avletlon  Conpany 
MANUFACTURER'S  MOPtn.  mti. 


26-300 
assembly  DRAyryg. 


26-300-48031 
flUANTITy  OF  ITEMS  I 


One  (1) 

SSPVRITT  classification. 


None 
TEST  DATBi 


1-31-62 
TEST  CONDtTCTHD  RYt 
Hayne  Callahan 
disposition  of  SPECIMEN 1 


Uee  for  Leakage  Taet 

ABSTRACTf; 


The  aaeanhly  auceeaefully  met  all  of  the  roquiramenta 
of  the  teat. 
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i  CAPACXnr  TtST  1  MOO.I 

I  CStSBRAL  NXIiLA  TASK  ASSY  j 

riMP.  Mttf. 


To  detormlno  total  volume  ot  the  foamed  In  place  Inner 
tank  aseoably. 


1.  Soweer  Sxactoaeter. 

2.  Suitable  graduated  container. 


1.  The  tank  shall  be  supported  at  90“  to  normal  ground 

with  the  inner  tank  opening  in  the  uppermost 

position. 


2.  The  tank  shall  be  filled  to  the  top  and  the  volume 
recorded. 
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AOMIMlWroiTIVK  (D 

Esitm  oy  rmt 

To  dewinstrata  tha  tank  %rtll  withatand  vibration 
and  pitening  forcaa  anoountered  In  aarvlca. 

imroPACTOMRi 

Pletchar  Aviation  Coapany 

»»orAcr»m*s  mookl 

26-300 

AapjWHLY  OHAWIlMi 
26-300-480J1 
QOAtirXTT  OP  lyyg. 

Ona  (II 

aggURiTY  .cmsaipicATiot^. 

Nona 

B8gT  I»TB» 

2-5-62 

TgST  COMPDCTKD  BV« 

Wayna  Callahan 

pigpoaiTiOM  or  apBciMKfi. 

u«a  for  Laakaga  Teat 
ABgTSACTs 

The  aasanbly  ■uccosefully  mat  all  of  the  raqulraaants 
of  the  test. 


I 

^  I 
1 

J 
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N<», 

FACTUAL  DATA 

0 

REQUIRBMarrS; 


1.  The  complete  test  specimen  is  mounted  in  the  support 
fixture  on  the  slosh  and  vibration  machine.  The 
centerline  of  the  tank,  so  mounted,  is  a  miniimim 

of  twenty  Inches  abov«^  the  slosh  axis.  The  tank 
booms  are  in  the  retracted  position. 

The  test  specimen  is  filled  two  thirds  full  with 
watsr  at  amblsnt  temperature  aitd  is  slmultansously 
slosh  and  vibration  taated  in  accordance  with  the 
following  conditions. 

A.  The  vibration  displacement  is  a  minimum  double 
amplitude  of  0.032  average  between  the  top  and 
bottcai  of  the  tank  and  at  the  supporting  rings. 
Tihc  average  peak  value,  at  the  point  of  measuro- 
reent  during  a  thirty  saeond  interval,  is  the 
value  recorded. 

B.  TThe  vibration  frequency  is  2000  C.P.M. 

C.  The  tank  is  mounted  with  the  major  horiaontal 
axis  at  90*  to  the  axis  of  the  shaft  of  the 
rocker  pltitform. 

O.  The  slosh  angle  is  30*  total,  approximately 
ir»*  on  either  side  of  the  horltontal  position. 

B*  The  tank  is  pressurized  to  15  P.S.Z.G. 

F.  The  tank  is  slosh-vlbrsted  for  25  hours  at  16 
to  20  slosh  C.P.M. 

2.  Following  the  slosh  and  vibration  test,  the  tank  boons 
are  expended  with  the  tank  two-thirds  full  with  water 
at  ambient  temperature  and  is  I'imultansously  .slosh 
and  vibration  tested  in  accordance  with  the  following 
conditionsi 

A.  Repeat  steps  "A"  through  “B*  of  tlie  previous  test. 
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^asMBOTa  (contd) 

B.  The  tank  la  slosh-vlhrated  for  15  itinutea  at 
16  to  20  sloah  CPM. 

3.  The  tank  la  filled  with  water  and  vibrated  for  10 
olnutes  at  vibration  dlsplaceaent  apeclfied  In  "A" 
of  the  previous  test. 


1.  Slosh  and  vibration  machine. 

2.  Tank  support  fixture. 

3.  Water  aieter. 

4.  strobotae  or  e^lvalent. 

5.  Vibration  meter. 

6.  vibration  plcdcup. 

7.  Pressure  gage. 


1.  The  test  asseably  is  mo\mted  on  the  sloah  and  vibration 
machine  by  means  of  a  support  fixture.  Hie  conterllne 
of  the  asseBibly  Is  a  minimum  of  20  Inchaa  above  the 
slosh  axla. 

2.  The  tank  la  filled  with  water  In  the  amount  corresponding 
to  2/3  of  the  rated  capacity  of  the  tank  In  gallons. 

3.  The  tank  Is  prasstirlzed  to  15  P.S.1.0. 


UC  Nrw  F|04 
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Mooei.  26-300 


eST  gROCBPUllHr  {contd) 

4.  The  aloeh  and  vibration  inachlna  is  put  into  cyclic 
pitching  of  th«  longitudinal  axis  froai  IS*  nosa  vp 
to  15*  nose  dourn. 

5.  The  motor  drive  for  the  eccentric  weights,  producing 
vibration  is  activated  and  brought  up  to  2000  CM. 

6.  Vibration  readings  are  taken  and  the  eccentric 
weights  adjusted  to  produce  the  required  values  of 
vibration  dleplaconent. 

7.  The  slosh  rate  is  checked  to  be  17  per  nin. 

3.  The  rotation  speed  of  the  eccentric  weights  is 
measured  to  be  2000  +§0  R.P.M. 

9.  The  air  pressure  is  che<2kad  and  adjusted  if  necessary, 
to  IS  P.S. 1.0. 

10.  Simultaneous  slosh  and  vibration  is  continued  for 
25  hours. 

11.  The  tank  booms  are  extended  and  the  tank  is  simul¬ 
taneous  slosh  vibrated  for  IS  minutes  in  the 
ocnfiguratlon  described  in  steps  1  through  9. 

12.  t4ota  the  reeonant  vibration  behavior  of  the  booms, 

13.  The  tank  is  then  depressurized,  filled  with  water, 
the  booms  ratractsd,  and  again  prassuriaed  to 

15  P.S. 1.0. 


14.  The  vibration  machanisn  is  started  and  readings  taken. 
Adjustments  are  mads  as  neesassry  to  produce  the 
required  vibration. 

15.  Rotation  speed  of  the  eccentric  weights  is  adjusted 

to  2000  *‘0 
-60 

J6.  Vibration  is  stopped  at  the  end  of  10  minutee  and 
the  tank  Is  depressurized  and  drained. 
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OJC.S.  TBSTt 


DATSi  8-5-61 


127 _ ^SAMi. 


o  fl  T  a  TBffT  PMSSStMi  AS-JjAAiliO* 

OPBRATINO  PHBSSURB*  P.fl.x.Qt - 


2-5-62  TlWt  a  1 43 

START  OF  RUH«  DATBI  -  ' 

UX3i  frertt  davalQaad_in  QUtOf  »Ki.n.  81*  MBS  4*7 1  »i4itP  *  *-6  .. 


SW3  Of  aun»  DATBt 
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TANK  MO.  _ 

TEST  OONDUCTED  BYi 

.TANK  CA^ACI•nrl  _ Ij 


_  MOOIL  26-300 

rne  Callahan _  OATIi  2-8-62 

VIBKATZON 

_  cau.s.  TBSTt  127.0 _ ^GALS. 


OPBRATIKO  PRESSURE;  IS  P.S.l^Q.  tbsT  PRESSUREi  IS  P.8. 1.0. 


TANK  AT  90*  TO  SLOSH  AXIS 


SLOSH  I  vibration 

Spaed  I  rate 


2.5 

2.S 

1990 

17 

.027 

.028 

.025 

.045 

.029 

.041 

2.25 

2.25 

1990 

.021 

.023 

.023 

.038 

.025 

.037 

START  OF  Rtmi  DATBl  2-8-62  TlMBl 

rX)Gi  M.P.M.  and  Amplitude  checked  every  1/2  hour 


END  OF  RUN; 


DATE;  a“8~62  TIMEt  2i50  p.m. 


REASON:  2nd  Of  26  hour  teat 


PAC  9mm  p|0l 
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IU»CLT8  or  TSST 

Aftar  17-1/2  ot  •isntltaaaouB  iloali  and  vibration 

a  crack  In  th«  outar  skin  locatad  Iwartiataly  aft  of  the  aft 
hook  vaa  noted.  The  teat  vaa  diaeootinuad  at  thia  point  and 
the  teat  aaaeaibly  waa  removed  from  the  fixture.  Cloaa 
aocaminatioa  revealed  the  cra^  to  be  approxlaataly  18  inphaa 
in  eircunferential  length,  15*  in  both  diraetiona  from  the 
top  centerline  of  the  aaacahly.  nia  cra^  appeared  to  have 
atarted  in  the  amalleat  radiua  of  the  band  adjacent  to  the 
•flat*  for  the  aft  counting  hook.  (Ref.  photo  on  page  4.10 
of  thia  report) 

When  the  tank  waa  diaaesenibled  and  the  inner  fiberglaaa  tank 
Inapectad,  the  following  disoropanctaa  were  noted  i 


1. 

2. 


4. 

5. 


inner  rubber  liner  loose  from  tank,  tom  In  several  places. 

Several  layers  of  apparently  non-tapregnated  fiberglaaa 
atrends  adhering  to  the  looee  rubber  liner,  alao  hanging 
loose  la  the  tank. 

Slosh  baffle  bulkheads  integral  but  loose  and  lying 
on  bottom  of  tank. 

Circumferential  ring  to  hold  bulkheads  still  intact. 

^11  partial  ring  segments  to  retain  bulkheads  sntirely 
loose. 


6. 


Th*>  expoeiMi  inside  surfacea  of  the  inner  tank  appeared 
to  be  smooth. 


The  photograph  on  page  4.11  shows  the  condition  of  the  Inner 
tank  inmediately  after  removal  from  test  fixture. 

The  outer  skin  of  the  tank  was  repaired  In  accordance  with 
the  sketch  on  page  4.12.  'Hie  slosh  baffles  and  rubber  liner 
removed  from  the  inner  tank,  and  the  assembly  was  again 
subjected  to  the  conpleto  teat.  The  tank  than  successfully 
completed  the  test  in  accordanco  with  the  procedure  pre¬ 
viously  outlined. 
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RESULTS  OP  TEST  (contd) 

A  dlaplaceaent  of  .03S  inchas  doublo  amplitude  at  the  tips 
of  the  boome  t#ere  noted  during  the  IS  ninutee  of  eloah-vlLra- 
tion  vith  the  booms  extended.  At  the  concluelon  of  the  test 
the  boons  were  again  extended  and  a  scan  for  resonance  was 
made  with  tho  ioilowing  reoultst 

1.  Resonant  frequency  of  boome  -  IGilO  C.E.M. 

2.  Displacement  at  resonant  £re<mency  >  .IS  Inch  double 
aiiq;>litude  at  tipa. 
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43.236 

mi>eeT  Ne. 


TANK  NO. 


MODKL  .2fi?aQ0, 


test  comducted  byj  Kavn«  oilahRn 

VIBRATION 

TANK  CAPACITYt  191 _ ^GALS.  TMT* 


BATBi  2«>-ga 
191 


OAU. 


OPERATINO  PRBSSURBt  IS  P. 8.1.0. 


TEST  PRSMOUt  U  .g.J.I.fl. 


TANK  AT  90*  TO  SLOSH  AXIS 


ECC.  WT.  SBTTINO  1 

L  VI BRATION  MgASMUiMaffi 

Speed 

-  At  1 

l..u9a 

L  rwti.  Bing _ j 

! _ Ait.  Rina _ 

Aft 

R.P.M 

Pwd  1 

Aft 

Lowax 

ODoar 

Lowar 

3.00 

3.00 

1990 

1 

_ J 

.023 

.033 

.022 

.031 

3.30 

3.50 

1990 

Him 

.029 

.03a 

.029 

.033 

Bl 

_ _ _ _ 

START  OP  RUN  I  DATBi  2-.9«62  TUflll  3»90  P.N. 

UXJi _ 


END  OP  RUNf 


DATBi  2-9«»62 _  TZMBt  4t00  p.«. 


RSASONi 


5nd  of  10  minuta  nin 
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gagniM.  DATA 


The  Inner  fl^Mrglaia  tank  with  all  openings 
sealed  it  tubj acted  to  an  intaraal  preaeure  of 
20  P.6.1,0,  using  Preon  12.  The  teidc  is  then 
cheeXed  for  leakage  using  a  oeaeral  Uactrlo  B-1 
tetter. 


1 .  Tank  Support 

2.  pressure  Sage 

3*  preon  12  containar  with  regulator. 
4.  aeneral  siaetrie  H-1  baater. 


PRQCBPtlRBi 


1.  With  the  tank  aupportad,  a  regulated  Preon  12 
txipply  line  is  connected  to  the  aaaeatbly. 

2.  A  preasuze  gage  ia  connected  to  the  aaaenbly. 

3.  Preon  12  preaeure  le  admitted  into  the  aeaemhly 
until  the  preaeure  gage  iadieatee  20  P.8.Z.O. 

4.  External  surfacaa  of  the  aaaamihly  era  chatitad  foor 
leakage  using  the  General  Sleotrie  a-1  taster  at  a 
sniffing  rata  of  1/2  Inch  par  seooi^* 


Inspect  the  tank  visually  for  evidence  of  failure 
such  as  damage  to  the  hulXheada  or  liner  of  the  inner 
tank  or  structural  damage  to  the  Inner  or  outer 
tank. 
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IBAXAOX  TEST 
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TMT  RBflULTSt 

Durlnq  th«  leakage  teat  It  wee  detexeined  that  the 
feaiting  procaaa  uead  to  inatall  the  toam  hetvaea 
the  Inner  tank  and  outer  ahell  eoetaieed  halogen  gaa. 
since  the  Oeneral  Slectrlc  taatar  used  in  probing 
for  leaks  is  sensitive  to  this  gas,  there  wee  a  oon> 
atant  leeOcage  Indication  during  bha  taat. 

ihs  sensitivity  of  ths  instnnent  wea  adjuatsd  so  that 
It  W9\ild  not  indicate  leakage  from  the  praaanea  of 
gas  in  the  foam.  It  waa  than  dataralnad  that  It 
would  indicate  leakage  if  any  of  the  atrongar  stature 
froai  the  inner  tank  escaped  to  ataoaphere. 

Ihe  test  was  concluded  with  the  inatnaasnt  adjusted 
par  ths  preceedlng  paragraph,  and  tha  test  conducted 
per  the  outlined  procedure  on  page  5.1.  There  was  no 
evidence  of  leakage.  lio  evidenca  of  laakaga  yhmn 
pressurized  to  20  p.a.l.g. 


r.A.c. 

T.A.C. 


SIMA. 


V..i  Tri&.g-, 


oukLiiY  oojnrsoit 


CtATQHBRt 
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gACTOM.  DAT^ 


That  one  (1}  or  more  ejection  be  made  with  a  lightweight 
tank  and  one  (1)  or  more  ejection  be  Made  with  heavy 
weight  tank  so  as  to  accurately  detexBlne  the  peak 
force,  velocity,  acceliiratlon,  and  tank  attitude  at 
end  of  stroke,  ihe  peak  ejection  force  shall  not 
exceed  30, 000  lbs. 

TBST  aOPIglOMT 

1.  Ejection  frame 

2.  suspension  fixture 

3 .  Pylon 

4.  Lightweight  Store 

5.  Heavyweight  Store 

6.  29V  C.C,  powor  supply 

7.  20,000  Ohm/Volt  Multimeter 
a.  Midwaetern  Oscillograph 

9,  P.A.C.  POrce  Transducer 

10.  BxtensooMter  (Century  Bng.) 

11.  Accelerometer 

12.  Amplifier  (Miller) 

13.  High  Speed  caotera  (MOllensak) 

14.  (xsoee  Control 


1.  Install  suspension  fixture  on  ejection  frame. 

2.  Install  pylon  on  suspension  fixture. 

3.  Install  lightweight  store  on  pylon. 

4.  Apply  28V  D.c.  to  the  mechanism. 

5.  Measure  voltage  at  firing  pins. 

6.  Remove  safety  pin. 

7.  Measure  voltage  at  firing  pina. 

8.  oiscoiuiect  power  supply  and  install  safety  pin. 


Mai 
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'St.  PROCHPma  (oontd) 

11.  2n«t«ll  axtaneoMtar* 

12.  Install  camera. 

13.  Cheek  Instnuaent  and  rimer n  circuit. 

14.  Install  castrldgee. 

13.  Remove  safety  pin. 

16.  Activate  instrument  and  casMra  drcults. 

17.  Activate  firing  mechanihie. 

18.  Clean  pylon  aneendoly  and  Inspect. 

19.  Install  heavyweight  store  on  pylon. 

20.  Repeat  steps  4  through  17, 
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XiightlMight  BMvyvsight 


Peak  BJ action  Fore* 

Peak  Acceleration 

Peak  Velocity 

Attitude  at  end  of  stroke 


21.»St  Ike. 

27,4  *a’ A*  37.1  ■a*e’» 
17.  B  ft/ae 
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TO  deffionetxate  the  atructural  integxity  of  the  teak. 

twagfACTtmt 

rietcher  Aviation  Coa^any 


26-300 


LTJ-J  v'JlSWijA’.V.lC:' I 


26-300- 


ln».' JLtif  SB.  JBtJiEI:-] 


One  (I) 


2-8-62  through  2-12-62 


Mayne  Callahan 


Hold  at  P.A.C.  for  60  days  for  0*JI.X.  disposition. 


ABSTRACTi 


The  assembly  successfully  met  all  of  the  reipilreiBenta 
of  the  tsst. 
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l^e  tank  la  subjected  to  the  following  teat  conditions 
and  does  support  these  conditions  without  failure* 

A  tank  that  has  not  been  used  for  othar  testa  shall  be 
used  Cor  tiiis  test.  Yhe  static  teat  tank  shall  be  a 
cooplete  atructura,  leas  such  non>structural  alanents 
as  turbine  generator,  boons,  actuator,  boon  support 
structure,  fluid  handling  oanponants.  and  electrical 
components.  Also,  the  inner  fiberglass  tank  shall  be 
simulated  by  a  suitable  structure  of  the  same  size  and 
configuration.  The  static  teat  tank  shall  be  of  tlie 
same  quality  worksianship  as  the  flight  tank  delivered 
on  the  contract  and  shall  be,  except  for  the  inner  tank, 
atructurally  identical  to  the  flight  tank  aa  indicated 
in  the  reports  and  drawings  sulnitted. 

The  test  tccimiqucs  of  the  tank  ia  aa  followet 

The  tank  support  Jig  shall  Iki  coitatructed  to  duplicate 
the  attach  point  locations  of  the  Aero  7A  radc  to  pro* 
duce  the  most  critical  hook  and  sway  brace  reactions* 

Loads  are  introduced  into  the  test  tank  by  means  of  ten¬ 
sion  pads  internal  fomere,  and/or  external  straps, 
of  those  methods,  tension  p4uls  are  preferable  in  Uiat 
they  allow  a  bettor  load  distribution  and  are  less  sus- 
ceptable  to  local  overloading  difficulties.  Care  Is 
taken  to  Insure  that  the  load  application  devices  do 
not  materially  affect  Uie  strengtln  of  the  test  tank 
by  introducing  artificial  stiffness,  etc. 

All  applied  tost  loads  are  suitably  nonitpred  by  cali¬ 
brated  oquipmeiit  (pressure  gages,  load  dynaannaters, 
etc.)  so  that  acceptable  test  accuracy  is  obtained. 

Internal  pressure,  where  applicable,  is  applied  pneu*^ 
aatlcally  or  hydraulically  and  the  pressure  suitably 
monitored  with  calibrated  measuring  devices. 
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PACTUM.  J3ATA  <Oontd) 

Tare  weight  of  ator«  and  all  load  application  davloM 
la  accounted  for  in  all  teat  loadings.  Vsrticolar  cars 
is  taken  when  dense  fluids  (water,  ate.)  are  usad  for 
Introducing  internal  pressure  so  that  true  incremental 
loada  for  all  load  oomponenta  are  ohtalnod.  Zndapoildsnt 
application  of  combined  load  coaponenta  (that  la  vertical, 
aide,  and  aft  loads)  are  preferable  over  resultant  load 
application  to  facilitate  maintaining  corract  relation¬ 
ship  of  load  components  with  each  other  for  full  range 
of  load  from  zero  to  ultimate. 


.^ags  dBl^fminad  to  be  Unclassified 
Reviewed  Chief,  RDD.  WHS 

IAVv  eO  13826,  Section  3.5 
Ualii  ,  -  • 

JUL  1  9  2013 


•••« 


PntPMto  ^  l.Jhan '1-6-62  i _ _ 

"  "  I  '  ri-rus 


Hnrnn  AVIATION  COmjRATION 


:  fuet 


CHtciita 


Ar»*ov(a  i 


j  “STRdcnaiAlrTMT - 

I  GENERAL  MILLS  TANK  ASSY 


,  Mopet.  26>3Q0 


I  43.286 

!  WSWIT  Me- 


“PhA  teat  loads  of  the  tanic  are  aa  specified  ia  ooatract. 
TBST  gQClgMBNTi 

1.  Static  test  frame. 

2.  Tank  support  fixture. 

3.  Loading  pads,  whiffle  trees,  etc.,  per  applicatole  test 
conditions. 

4.  Hydraulic  pumps. 


j . 

6. 

7. 

a. 


Mydr.-iulic  cylinders  (Jacks)  with  net  areas  aa  listed  on 
to.*it  data  sheets* 

Itytiraultc  teat  gageat  aa  necessary 

?our  2'1-inch  starrott  steel  engine  marked  scalee  reeding  to 
.010  inch, 

.Purveyor ‘8  level. 


TEST  PRCXKDWJ;  r 

All  teat  canditionii  arc  run  with  the  test  tank  laeunted  in  the 
horir.ontal  position  in  the  teat  jig.  The  test  procedure  is 
identicui  in  eac>>  case  and  consists  of  the  following  atepsi 

1.  The  tiystoin  of  loading  Jvtcks  and  whiffle  trees  is  iBstsllad, 
checked  functionally,  and  Inspoctod  for  proper  location. 

2.  Readings  of  deflection  at  zero  load  is  taken  by  means  of  s 
series  of  steel  scales  hung  along  the  length  of  the  tank,  and 
a  surveyor's  level.  Lateral  deflections  are  MMsvred  fron 

a  Wire  stretciied  alongside  of  the  tank. 

3.  The  load  is  then  applied  in  increments  of  2S)(  of  limit  load, 
and  the  deflection  readings  taken  at  25,  50,  75,  and  100* 

4.  The  Jack  loads  arc  than  reduced  to  zero,  and  deflection 
readings  tokon  to  check  possible  permanent  set. 

5.  Load  la  again  applied  in  25*  increments  up  to  100*  of  limit 
load. 
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A  review  of  F.A.C.  Itaport  so.  43.284,  ”U»d8  And  Stxass 
Analysis,  Gonsral  Mills  •Pank" ,  shears  that  thara  ara  thraa 
design  conditions  critical  for  the  tanX  and  Its  attaching 
structure.  Thaas  ara  conditions  #10,  25,  and  29.  condi¬ 
tion  #29  is  an  ejection  condition  which  will  ba  adaguatsly 
covered  by  the  actual  tank  full  and  empty  ejsetions.  (Aaf. 
pages  6.0  to  6.3  incl.)  Test  loads  for  Condition  #10  and 
25  are  developed  on  the  following  pages. 

As  on  page  #2  of  Report  #43.284,  the  sign  convention  for  the 
teat  loads  is  as  followst 

2  ■  opwerd  acting 
Y  *  Acting  to  the  left 
X  “  Aft  acting 

positive  moment  vectors  are  in  the 
same  direction  using  the  left-hand  rula. 

The  unit  loads  shown  on  page  7.5  ara  revised  to  agree  with 
the  latest  weight  data  in  Appendix  "A"  of  Report  #43.284. 


All  load  factors,  loads  and  momenta  in  this  aection,  are  on 
an  ultinate  basis.  (1-1/2  x  limit  load)  The  tank  itself 
will  be  tested  oi^ty  and  unprssaurized. 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
other  changes  to  this  question  have  not  successful  nor  revealed  a  specific  source.  As  such  I 
would  appreciate  any  information  you  can  shed  on  this  question. 

Documents  requested. 

AD  348405,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare) Agents  Quarterly 
Progress  Report  Number  14, 4  Sept  -  4  Dec  1963,  G.  R.  Whitnah,  February  1964,  General  Mills 
Report  number  2512,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  1 8064  CML 
2745,162.pages.  Prepared  for  U.S.  Army  Biological  Laboratories,  Fort  Detrick,  Maryland. 
Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills.  Project  No  82408 
General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  I3>Iinnesota. 

AD  346751,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  12,  March  4  -  June  4,  1963,  G.  R.  Whitnah,  July  1963,  General  Mills 
Report  number  2411,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  number  DA  18064  CML 
2745.  184  pages.  Approved  by  S.P.  Jones,  Director  of  Aerospace  Research  at  General  Mills. 
Project  No.  82408.  General  Mills  Aerospace  Research  Division,  2295  Walnut  Street,  St.  Paul  13 
Minnesota.  ’ 

AD  346750,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents,  Quarterly 
Progress  Report  Number  13, 4  June  -  4  Sept  1962,  G.R.  Whitnah,  October  1963,  General  Mills 


'■  Number  DA  18064  CML 

SS^H V  “'  !S5“ief.'W 

DA  1 8064  CMLTOS  IS  pages  ’  ^N-  Contract  Number 

Number 

|S3yisr?i“ir,'js*rSr  o?as‘.» 

DriS0*4(mu45  MN.C™«  NujnW 

AD  329067,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  ;  X-AA  ?/  C7S 

General  Mdls  Inc  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745  103  pages 

and  Development  Office,  2003  East  Hennepm  Avenue,  Minneapolis  13,  Minnesota. 

^  327072,  Dissemination  of  Solid  and  Liquid  BW  (Biological  Warfare)  Agents  Ouarterlv  /P-AA  lfS7 
Propss  Report  Number  Five,  4  June  -  4  Sept  1961.  by  G.R  Whitnah,  NoveSr  l^ToetS^^ 

CML  2745.  Minneapolis,  MN,  Contract  Number  DA  1 8064 


Mrs;«s  rss  I'jriTimSS" 

rjAn-j  Cor.4  u  •  A  Mills  Electronics  Group,  Research  Dent 

2003  East  Hennepin  Avenue,  Minneapolis  1 3,  Minnesota.  225  pages.  ^ 

AD  324746,  Dissemination  ofSolid  and  Liquid  BW  (Biological  Warfare)  Agents  Progress 

2125  General  Whitnah,  October  1960,  General  Mills  Report  N^ber  ^  ^ 

2125,  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number  DA  18064  CML  2745.  78  pages 

f  (Biological  Warfare)  Agents,  Quarterly  )Z-AA-3)S^ 

oZra  M^p  Tm'  '^^0,  by  G.R.  Whitnah!  February  lOb!, 

da  18064  CML^2745  ^9  m’  General  Mills,  Inc.,  Minneapolis,  MN,  Contract  Number 

ofpa^enL  ^003  Fat  H  division  of  General  Mills,  Inc.,  Research 

epartment,  2003  East  Hennepin  Avenue,  Minneapolis  13,  Minnesota. 


AD  323598,  Dissemination  of  Solid  and  Liquid  B  W  (Biological  Warfare)  Agents,  Quarterly  Sf 
Process  Report,  for  penod  4  Dec.  1960-4  March  1961,  by  G.R.  Whitnah,  May  1961,  General 

07??  Minneapolis,  MN,  Contract  Number  DA  18064 

LML  2745.  95  pages. 

(Biolosical  Warfare)  Agents,  Quarterly  a-M-ZISH 
Progress  Report  No.  10,  penod  Sept.  4, 1962  -  Dec.  4, 1962.  G.R.  Whitnah,  Project  Manager, 

Approved  by  S.P.  Jones,  Aerospace  Research,  February  1963.  247  pages. 


Sincerely 


